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DESCRIPTION 
PHOSPHOR AND ITS PRODUCTION PROCESS 



CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is a continuation-in-part (C.I. P.) 

of U.S. Patent Application Serial No. 10/325,826 filed 
December 23, 2002, which is a continuation of 
PCT/JP02/04265, filed April 26, 2002, both of which are 
incorporated entirely herein by reference. This 

10 application also claims priority to Japanese Patent 

Application Nos . 2001-131207, filed April 27, 2001; 2001- 
131208, filed April 27, 2001; 2001-131209, filed April 27 
2001; 2001-131210, filed April 27, 2001; 2001-218181, 
filed July 18, 2001; and 2001-256999, filed July 24, 2001 

15 The above-mentioned applications are hereby incorporated 
by reference in their entireties. 

TECHNICAL FIELD 

The present invention relates to a phosphor which is 
20 suitably used for a cathode ray tube, a fluorescent lamp, 
a plasma display panel (PDP) , etc., and its production 
process. 
BACKGROUND ART 

A phosphor to be used for e.g. a cathode ray tube, a 
2 5 fluorescent lamp or PDP has conventionally been produced 
in such a manner that raw material powders are mixed and 
then packed in a baking container such as a crucible and 
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- heated at a high temperature for a long period of time to 

carry out pyrolysis by a solid state reaction to produce 

a phosphor, followed by grinding by e.g. a ball mill. 
However, the phosphor produced by this process 

5 comprises a powder of aggregated particles having 

irregular shapes. If this phosphor is applied to the 

above use and a fluorescent layer is formed, only an 

inhomogeneous fluorescent layer having a low packing 

density tends to be obtained, and no excellent emission 

10 properties can be obtained- Further, physical and 

chemical impact is applied to the phosphor in a process 
of grinding by e.g. a ball mill after the solid state 
reaction, and thus defects are likely to occur in the 
inside or on the surface of the phosphor particles, thus 

15 decreasing the emission properties. Further, since 

heating at a high temperature is conducted for a long 
period of time in a baking container such as a crucible, 
impurities from the crucible tend to be included, thus 
decreasing emission properties, and further, the solid 

20 state reaction may not proceed adequately depending upon 
the particle diameter of the raw material powders, and an 
impurity phase coexists, whereby no high emission 
properties tend to be obtained. Further, since heating 
has to be carried out at a high temperature for a long 

25 period of time, the energy consumed tends to be large, 
thus increasing the production cost of the phosphor. 

In order to overcome these problems, a process has 
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. been, proposed wherein a solution containing metal 
elements constituting a phosphor is sprayed into a 
carrier gas by using e.g. an ultrasonic nebulizer to 
obtain fine droplets, which are dried to obtain metal 
5 salt particles or metal complex particles, and these 
metal salt particles or metal complex particles are 
introduced into a pyrolysis furnace by means of a carrier 
gas and heated to carry out pyrolysis to obtain a 
phosphor. However, with this process, no adequate 

10 residue time in the pyrolysis furnace can be taken, 
whereby the phosphor has a low crystal linity, and 
activator ions can not uniformly be contained in the 
crystals, and further, the phosphor obtained by this 
process has a large number of crystal defects in the 

15 inside or on the surface of the crystals, whereby a 
phosphor having good emission properties can not be 
obtained, such being problematic. 

Accordingly, in order to overcome this problem, a 
two -stage heating process has been proposed wherein metal 

20 salt particles or metal complex particles are subjected 
to pyrolysis at a relatively low temperature for short 
period of time to obtain a powder comprising a desired 
crystal phase, which is once collected, and this powder 
is subjected to annealing at a relatively high 

25 temperature for a long time to obtain a phosphor. With 

this process, the crystallinity of the phosphor particles 
can further be increased, and at the same time, activator 
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ions, can be contained in the crystals more uniformly, 
whereby a spherical phosphor having good emission 
properties can be obtained. However, if such an once 
collected powder is subjected to annealing, although 
5 crystallinity of the phosphor may be good, an extremely 
large number of aggregated particles tend to be formed, 
and accordingly a new problem has risen that a 
fluorescent layer will not be dense when it is formed, 
and no desired emission properties can be obtained. 

10 Accordingly, the present invention has been made to 

overcome the above problems, and to provide a phosphor 
and its production process for producing a fine phosphor 
suitable for formation of a homogenous and dense high- 
brightness fluorescent film or layer when applied to e.g. 

15 a cathode ray tube, a fluorescent lamp, a PDP, a solid 

state lighting element, a solid state lighting apparatus, 
a fluorescent lamp, a vacuum fluorescent display, a 
luminous paint, an X-ray intensifying screen or the like, 
which has a narrow particle diameter distribution, which 

20 has a small amount of aggregated particles, which is 

spherical, which has a high purity and a uniform chemical 
composition, and which has excellent emission properties. 
DISCLOSURE OF THE INVENTION 

The present inventors made it possible to overcome 

25 the above problems by employing the following means, and 
accomplished the present invention. Namely, the present 
invention has the following constitutions: 
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(A) phosphor having a substantially spherical outer 
shape, which comprises primary particles having a median 
diameter D50 in a range of from 0.05 ^m to 1 /xm and 
secondary particles having a median diameter D50 in a 

5 range of from 0.1 /im to 2 [im, wherein at least 50 vol% of 
the total secondary particles has an aspect ratio of at 
least 0.8 and an internal quantum efficiency is in a 
range of from 0.8 to 1. The above-mentioned ranges 
include all intermediate values and subranges. For 

10 instance, the median diameter D50 of the primary 

particles include the values 0.05, 0.06, .075, 0.08, 0.1, 
0.2, 0.3, 0.4, 0.5, 0.75, 0.8, 0.9 and 1.0 /im. The 
median diameter of the secondary particles includes the 
values 0.1, 0.2, 0.3, 0,4, 0.5, 0.75, 0.8, 0.9, 1.0, 1.1, 

15 1.25, 1.5, 1.75, 1.8, 1.9 and 2.0/xm. The internal 

quantum efficiency may be a value such as 0.8, 0.85, 0.9, 
0 . 95 or 1.0. 

(B) The phosphor as defined in the above (A) , wherein 
the phosphor comprises a matrix crystal containing oxygen 

20 as an element constituting the matrix crystal and at 

least one element selected from the group consisting of 
Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, As, Bi, Cr, 
Cu, Fe, Mn, Pb, Sb, Sn, Ti, Tl , V, W and Zn as an 
activator . 

25 (C) The phosphor as defined in the above (B) , wherein 
the matrix crystal comprises Ijn203, LnX04 or LnBOa, in 
which Ln • represents an element group containing an 
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^element selected from the group consisting of La, Gd, Y, 
Lu and Sc in an amount of at least 8 0 mol% to the total 
amount of Ln and X represents P and/or V. 

(D) The phosphor as defined in the above (B) , wherein 

5 the matrix crystal comprises aMO*bA203, in which a and b 
are integers of from 1 to 5, A represents an element 
group containing an element selected from the group 
consisting of B, Al and Ga in an amount of at least 80 
mol% to the total amount of A, and M represents an 
10 element group containing an element selected from the 

group consisting of Ba, Sr, Ca, Mg and Zn in an amount of 
at least 80 mol% to the total amount of M. 

(E) The phosphor as defined in the above (A) , wherein 
the matrix crystal of the phosphor contains at least one 

15 element selected from the group consisting of Li, Na, F 
and Cl in a weight in a concentration range of from 0.1 
to 100 ppm. 

(F) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 

20 constituting the phosphor to carry out pyrolysis to 

obtain the phosphor, wherein the above heating is carried 
out in the coexistence of an additive comprising a metal 
or a metal compound to carry out the pyrolysis at an 
average crystal growth rate of at least 0.002 /xm'^/sec. 

25 (G) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 
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^ obtain the phosphor, wherein the above heating is carried 
out in the coexistence of a substance for thin film layer 
formation to precipitate the above substance for thin 
film layer formation on the surface of the above phosphor 
5 particles in the above process of pyrolysis to form a 
thin film layer having an average film thickness of at 
least 10 nm. 

(H) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 

10 constituting the phosphor to carry out pyrolysis to 

obtain the phosphor, wherein the pyrolysis is carried out 
in an atmosphere gas containing a gaseous substance 
comprising (a) a metal chloride in a gaseous state, (b). a 
metal hydroxide in a gaseous state or (c) a hydrogen 

15 halide in a gaseous state. 

(I) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor and a dispersant in which the 
phosphor is dispersed in the process of forming the 

20 phosphor, to carry out pyrolysis to form the phosphor, 
wherein the phosphor is formed in such a state that a 
plurality of phosphor particles are dispersed in a 
particle of the above dispersant. 

The present invention has the above constitutions, 

25 and their preferred embodiments of the production process 
are roughly classified into the following first to sixth 
embodiments . 
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^ First embodiment 

(1) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 

5 obtain the phosphor, wherein the above heating is carried 
out in the coexistence of an additive comprising a metal 
or a metal compound to carry out the pyrolysis at an 
average crystal growth rate of at least 0.002 Atni^/sec, 

(2) The process for producing a phosphor according to 

10 (1) , wherein the above solution having the above additive 
added thereto is sprayed into a gas to form the above 
fine droplets, which are dried to form metal salt 
particles or metal complex particles, and they are heated 
to carry out the above pyrolysis. 

15 (3) The production process according to (1) or (2) , 

wherein the average crystal growth rate is adjusted to at 
least 0.01 /xm^/sec. 

(4) The production process according to any one of (1) 
to (3) , wherein for the above pyrolysis, the heating 

20 temperature is adjusted to from 1350 to 1900°C, and the 
heating time is adjusted to at least 0.5 second and at 
most 10 minutes. 

(5) The production process according to any one of (1) 
to (4) , wherein for the above pyrolysis, the heating 

25 temperature is adjusted to from 1450 to 1800°C, and the 
heating time is adjusted to at least 3 seconds and at 
most 1 minute. 



(6) .The production process according to any one of (1) 
to (5) , wherein the above metal or metal, compound 
contains at least one element selected from the group 
consisting of Li, Na, K, Rb and Cs . 

(7) The production process according to (6) , wherein the 
above metal compound is a nitrate, chloride or hydroxide. 

(8) A phosphor produced by the production process as 
defined in any one of (1) to (7) , wherein phosphor 
particles have a weight average particle diameter D50 of 
from 0.1 to 50 ^m, and the number of the phosphor 
particles having a ratio of the minimum diameter to the 
maximum diameter (minimum diameter/maximum diameter) 
within a range of from 0.8 to 1.0 is at least 90% of the 
entire particles. 

(9) The phosphor according to (8) , which comprises a 
crystal phase represented by the compositional formula 
(Rli_x/ R2x) 2O3 (where Rl is at least one element selected 
from the group consisting of Y, Gd, La, Lu and Sc, R2 is 
at least one element selected from the group consisting 
of Ce, Pr, Nd, Eu, Tb, Dy and Tm, and x is a number which 
satisfies 0<x^0.2), as the main component. 

Second embodiment 

(10) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 
obtain the phosphor, wherein the above heating is carried 
out in the coexistence of a substance for thin film layer 



formation to precipitate the above substance for thin 
film layer formation on the surface of the above phosphor 
particles in the above process of pyrolysis to form a 
thin film layer having an average film thickness of at 
least 10 nm. 

(11) The process for producing a phosphor according to 
the above (10) , wherein the above solution having the 
above substance for thin film layer formation added 
thereto is sprayed into a gas to form the above fine 
droplets, which are dried to obtain metal salt particles 
or metal complex particles, and they are heated to carry 
out pyrolysis so that the above substance for thin film 
layer formation is evaporated or decomposed to be in a 
gaseous state to form the above thin film layer on the 
surface of the above phosphor particles. 

(12) The production process according to (10) or (11) , 
wherein the above phosphor contains at least one element 
selected from the group consisting of Y, Gd, La, Lu and 
Sc, and at least one element selected from the group 
consisting of Ce, Pr, Nd, Eu, Tb, Dy and Tm. 

(13) The production process according to any one of (10) 
to (12) , wherein the above substance for thin film layer 
formation is a nitrate, chloride or hydroxide containing 
at least one element selected from the group consisting 
of Li, Na, K, Rb and Cs. 

(14) The production process according to any one of (10) 
to (13) , wherein the above solution is preliminarily 



prepared to satisfy the relation (AXo.l)^B, where A is 
the total number of mols of the metal elements 
constituting the above phosphor and B is the total number 
of mols of the metal elements contained in the above 
substance for thin film layer formation. 

(15) The production process according to (14) , wherein 
the above solution for spraying is preliminarily prepared 
to satisfy the relation (AX o , 1) (AxlO) , where A is 
the total number of mols of the metal elements 
constituting the above phosphor and B is the total number 
of mols of the metal elements contained in the above 
substance for thin film layer formation. 

(16) The production process according to any one of (10) 
to (15) , wherein for the pyrolysis, the heating 
temperature is adjusted to from 1350 to 1900**C, and the 
heating time is adjusted to at least 0.5 second and at 
most 10 minutes. 

(17) The production process according to (16) , wherein 
for the pyrolysis, the heating temperature is adjusted to 
from 1450 to 1800°C, and the heating time is adjusted to 
at least 3 seconds and at most 1 minute. 

(18) The production process according to any one of (10) 
to (17) , wherein the above thin film layer on the surface 
of the above phosphor particles is removed after the 
above py r o lysis. 

(19) The production process according to (18) , wherein 
the above thin film layer on the surface of the above 



..phosphor particles is removed by water or an aqueous 
acidic solution. 

(20) The production process according to (18) or (19) , 
wherein the above phosphor particles having the above 

5 thin film layer removed are subjected to annealing. 

(21) The production process according to (20) , wherein 
the annealing is carried out at a temperature within a 
range of from 1000 to 1700°C and at a temperature lower 
by at least 100 °C than the pyrolysis temperature, for a 

10 heating time of at least 1 second and at most 24 hours. 

(22) The production process according to (21) , wherein 
the annealing is carried out at a temperature within a 
range of from 1000 to 1700^0 and at a temperature lower 
by at least 200°C than the pyrolysis temperature, for a 

15 heating time of at least 1 second and at most 24 hours. 

(23) A phosphor produced by the process as defined in any 
one of the above (10) to (22) , which comprises a crystal 
phase represented by the compositional formula (Rli-x/ 
R2x) 2O3 (where Rl is at least one element selected from 

20 the group consisting of Y, Gd, La, Lu and Sc, R2 is at 
least one element selected from the group consisting of 
Ce, Pr, Nd, Eu, Tb, Dy and Tm, and x is a number which 
satisfies 0<x^0.2), as the main component. 

(24) The phosphor according to (23) , wherein the phosphor 
25 has a weight average particle diameter D50 of from 0.1 to 

50 jLtm or a median diameter D50 within a range of from 0.1 
to 3 0 ^m, and the number of phosphor particles having a 
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^ ratip of the minimum diameter to the maximum diameter 
(minimum diameter/maximum diameter) within a range of 
from 0.8 to 1.0 comprises at least 90% of the entire 
particles . 
5 Third embodiment 

(25) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 
obtain the phosphor, wherein the pyrolysis is carried out 

10 in an atmosphere gas containing a metal chloride in a ' 
gaseous state . 

(26) The production process according to (25) , wherein 
the above solution is sprayed into a gas to form the 
above fine droplets, which are dried to obtain metal salt 

15 particles or metal complex particles, and they are heated 
to carry out the above pyrolysis . 

(27) The production process according to (25) or (26) , 
wherein the above metal chloride in a gaseous state in 
the atmosphere gas for the above pyrolysis is present in 

20 an amount of from 0.001 to 5 vol% based on the above 
atmosphere gas . 

(28) The production process according to any one of (25) 
. to (27) , wherein the above metal chloride is an alkali 

metal chloride . 
25 (29) The production process according to (28) , wherein 
the above alkali metal chloride is lithium chloride. 
(30) The production process according to any one of (2 5) 
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to (29) / wherein the above solution containing metal 
elements constituting the phosphor has a pH of at most 7. 

(31) The production process according to (30) , wherein 
the above solution containing metal elements constituting 
the phosphor has a pH of at most 5 . 

(32) The production process according to any one of (25) 
to (31) , wherein the above solution containing metal 
elements constituting the phosphor has a solid content of 
at most 10 wt%- 

(33) The production process according to (32) , wherein 
the above solution containing metal elements constituting 
the phosphor has a solid content of at most 1 wt%. 

(34) The production process according to any one of (2 5) 
to (33) , wherein the total content of carbon monoxide and 
carbon dioxide in the atmosphere gas for the above 
pyrolysis is adjusted to be at most 5 vol%. 

(35) The production process according to (34) , wherein 
the total content of carbon monoxide and carbon dioxide 
in the atmosphere gas for the above pyrolysis is adjusted 
to be at most 0.5 vol%. 

(36) The production process according to (35) , wherein 
the total content of carbon monoxide and carbon dioxide 
in the atmosphere gas for the above pyrolysis is adjusted 
to be at most 0.1 vol%. 

(37) The production process according to any one of (25) 
to (36) , wherein the above pyrolysis is carried out under 
heating at a temperature within a range of from 1350^C to 



1900SC for at least 0.5 second and at most 10 minutes. 
(38) The production process according to (37) , wherein 
the above pyrolysis is carried out under heating at a 
temperature within a range of from 1350*^C to 1900*^0 for 
at least 3 seconds and at most 1 minute. 
(3 9) The production process according to (37) or (38) , 
wherein the above pyrolysis is carried out under heating 
at a temperature within a range of from 1450°C to 1800*^0 
for at least 3 seconds and less than 1 minute . 

(40) The production process according to any one of (25) 
to (39) , wherein in the above solution containing metal 
elements constituting the phosphor, a precursor of the 
above metal chloride in a gaseous state is preliminarily 
contained - 

(41) The production process according to (40) , wherein 
the above precursor is a metal chloride. 

(42) A phosphor synthesized by the production process as 
defined in any one of (25) to (41) , which comprises a 
crystal phase represented by the compositional formula 
(Rli_x, R2x) 2O3 (where Rl is at least one element selected 
from the group consisting of Y, Gd, La, Lu and Sc, R2 is 
at least one element selected from the group consisting 
of Ce, Pr, Nd, Eu, Tb, Dy and Tm, and x is a number which 
satisfies 0<x^0.2), as the main component. 

(43) The phosphor synthesized by the production process 
as defined in any one of (25) to (41) , which has a 
crystal phase represented by the compositional formula 
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M^M^AJioOi7 (where is at least one element selected from 
the group consisting of Ba, Sr, Ca and Eu, and is at 
least one element selected from the group consisting of 
Mg and Mn) , as the main component . 

(44) The phosphor according to (42) or (43) , wherein the 
phosphor has a median diameter D50 within a range of from 
0-1 to 30 /xtn, and the number of phosphor particles having 
a ratio of the minimum diameter to the maximum diameter 

(minimum diameter /maximum diameter) within a range of 
from 0.8 to 1-0 comprises at least 90% of the entire 
particles - 

Fourth embodiment 

(45) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 
obtain the phosphor, wherein the pyrolysis is carried out 
in an atmosphere gas containing a metal hydroxide in a 
gaseous state. 

(46) The production process according to (45) , wherein 
the above solution is sprayed into a gas to form the 
above fine droplets, which are dried to obtain metal salt 
particles or metal complex particles, and they are heated 
to carry out the pyrolysis. 

(47) The production process according to (45) or (46) , 
wherein the above metal hydroxide in a gaseous state in 
the atmqsphere gas for the above pyrolysis is present in 
an amount of from 0.001 to 5 vol% based on the above 
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^ atmosphere gas . 
(48) The production process according to any one of (45) 
to (47) , wherein the metal hydroxide is an alkali metal 
hydroxide . 

5 (49) The production process according to (48) , wherein 
the above alkali metal hydroxide is lithium hydroxide. 
(50) The production process according to any one of (4 5) 
to (49) , wherein the above solution containing metal 
elements constituting the phosphor has a pH of at most 7. 
10 (51) The production process according to (50) , wherein 
the solution containing metal elements constituting the 
phosphor has a pH of at most 5 . 

(52) The production process according to any one of (45) 
to (51) , wherein the above solution containing metal 

15 elements constituting the phosphor has a solid content of 
at most 10 wt%. 

(53) The production process according to (52) , wherein 
the above solution containing metal elements constituting 
the phosphor has a solid content of at most 1 wt%. 

20 (54) The production process according to any one of (45) 
to (53) , wherein the total content of carbon monoxide and 
carbon dioxide in the atmosphere gas for the above 
pyrolysis is adjusted to be at most 5 vol%. 
(55) The production process according to (54) , wherein 

2 5 the total content of carbon monoxide and carbon dioxide 

in the atmosphere gas for the above pyrolysis is adjusted 
to be at most 0.5 vol%. 
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(56) . The production process according to (55), wherein 
the total content of carbon monoxide and carbon dioxide 
in the atmosphere gas for the above pyrolysis is adjusted 
to be at most 0.1 vol%. 

(57) The production process according to any one of (45) 
to (56) , wherein the above pyrolysis is carried out under 
heating at a temperature within a range of from 13 50®C to 
1900®C for at least 0.5 second and at most 10 minutes. 

(58) The production process according to (57) , wherein 
the above pyrolysis is carried out under heating at a 
temperature within a range of from 1350*^0 to 1900*^0 for 
at least 3 seconds and at most 1 minute. 

(59) The production process according to (57) or (58) , 
wherein the above pyrolysis is carried out under heating 
at a temperature within a range of from 1450°C to 1800®C 
for at least 3 seconds and less than 1 minute. 

(60) The production process according to any one of (45) 
to (59) , wherein in the above solution containing metal 
elements constituting the phosphor, a precursor of the 
above metal hydroxide in a gaseous state is preliminarily 
contained. 

(61) The production process according to (60) , wherein 
the above precursor is a metal nitrate. 

(62) A phosphor synthesized by the production process as 
defined in any one of (45) to (61) , which comprises a 
crystal phase represented by the compositional formula 

(Rli_x, R2x) 2O3 (where Rl is at least one element selected 
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^ from. the group consisting of Y, Gd, La, Lu and Sc, R2 is 
at least one element selected from the group consisting 
of Ce, Pr, Nd, Eu, Tb, Dy and Tm, and x is a number which 
satisfies 0<x^0.2), as the main component. 
5 (63) The phosphor synthesized by the production process 
as defined in any one of (45) to (61) , which has a 
crystal phase represented by the compositional formula 
M^M^AlioOi7 (where is at least one element selected from 
the group consisting of Ba, Sr, Ca and Eu, and is at 
10 least one element selected from the group consisting of 
Mg and Mn) , as the main component . 

(64) The phosphor according to (62) or (63) , wherein the 
phosphor has a median diameter D50 within a range of from 
0.1 to 30 MHi/ and the number of phosphor particles having 

15 a ratio of the minimum diameter to the maximum diameter 
(minimum diameter /maximum diameter) within a range of 
from 0.8 to 1.0 comprises at least 90% of the entire 
particles . 
Fifth embodiment 

20 (65) A process for producing a phosphor, which comprises 
heating droplets of a solution containing metal elements 
constituting the phosphor to carry out pyrolysis to 
obtain the phosphor, wherein the pyrolysis is carried out 
in an atmosphere gas containing a hydrogen halide in a 

25 gaseous state. 

(66) The production process according to (65) , wherein 
the above solution is sprayed into a gas to form the 
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..above fine droplets, which are dried to obtain metal salt 
particles or metal complex particles, and they are heated 
to carry out the above pyrolysis. 

(67) The production process according to (66) , wherein 

5 the above hydrogen halide in a gaseous state is hydrogen 
fluoride, hydrogen chloride or hydrogen bromide. 

(68) The production process according to any one of (65) 
to (67) , wherein the above pyrolysis is carried out under 
heating at a temperature within a range of from 6 00 to 

10 1900°C for a residue time within a range of from 0.5 
second to 10 minutes. 

(69) The production process according to (68) , wherein 
the above pyrolysis is carried out under heating at a 
temperature within a range of from 600 to 1900®C for a 

15 residue time within a range of from 0.5 second to 1 
minute . 

(70) The production process according to any one of (65) 
to (69) , wherein the pyrolysis is carried out under 
heating in the above pyrolysis furnace at a temperature 

20 within a range of from 1450 to 1800®C for a residue time 
within a range of from 0 . 5 second to 1 minute . 

(71) The production process according to any one of (65) 
to (70) , wherein in the above solution, a precursor of 
the above hydrogen halide in a gaseous state is 

25 preliminarily contained. 

(72) The production process according to (71) , wherein 
the above precursor is a non-metallic halide. 
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(73). The production process according to (72), wherein 
the above precursor is hydrofluoric acid, hydrochloric 
acid, hydrobromic acid, ammonium fluoride, ammonium 
hydrogenf luoride, ammonium chloride or ammonium bromide. 
5 (74) A phosphor produced by the production process as 
defined in any one of (65) to (73) , which comprises a 
crystal phase represented by the compositional formula 

(Rli-x, R2x) 2O3 (where Rl is at least one element selected 
from the group consisting of Y, Gd, La, Lu and Sc, R2 is 
10 at least one element selected from the group consisting 

of Ce, Pr, Nd, Eu, Tb, Dy and Tm, and x is a number which 
satisfies 0<x^0.2), as the main component. 

(75) The phosphor produced by the production process as 
defined in any one of (65) to (73) , which has a crystal 
15 phase represented by the compositional formula M^M^AlioOiv 

(where is at least one element selected from the group 
consisting of Ba, Sr, Ca and Eu, and is at least one 
element selected from the group consisting of Mg and Mn) , 
as the main component . 
20 (76) A phosphor produced by the process as defined in any 
one of (65) to (75) , wherein the number of particles 
which satisfy the ratio of the minimum diameter (Ds) to 
the maximum diameter (Dl) of the phosphor particles 

(Ds/Dl) of 0 . 8^ (Ds/Dl) ^1 - 0, comprises at least 90% of the 
25 entire group of particles, and the median diameter (D50) 
is within a range of from 0.1 to 30 fim. 
Sixth embodiment 
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(77) . A process for producing phosphor particles, which 
comprises heating droplets of a solution containing metal 
elements constituting the phosphor while contacting them 
with a dispersant in which said phosphor particles are 

5 dispersed in the process of forming the above phosphor 
particles to carry out pyrolysis, so that a plurality of 
the above phosphor particles are dispersed in a particle 
of the above dispersant. 

(78) The production process according to (77) , wherein 

10 after the above solution is sprayed into a carrier gas to 
form fine droplets, said fine droplets are dried to 
obtain a solid state phosphor raw material, said solid 
state phosphor raw material is heated to form a precursor 
of the above phosphor, and the above heating is continued 

15 while contacting said precursor of the phosphor and the 
above dispersant in a molten state, to form a plurality 
of phosphor particles comprising a crystal phase of the 
above phosphor particles as the main phase, in a particle 
of the above dispersant suspended in the above carrier 

20 gas, from the above precursor of the phosphor. 

(79) The process for producing phosphor particles, 
wherein as the material of the above dispersant, a 
precursor substance of the above dispersant which may 
form the dispersant in a molten state as defined in (77) 

25 or (78) at the time of formation of the above phosphor 
particles, is used. 

(80) The process for producing phosphor particles 



according to any one of (77) to (79) , wherein in the 
above solution containing metal elements constituting the 
above phosphor, the above dispersant or a precursor 
substance thereof is preliminarily contained. 

(81) The process for producing phosphor particles 
according to any one of (77) to (80) , wherein as the 
dispersant or a precursor substance thereof, at least one 
compound selected from the group consisting of an alkali 
metal halide, an alkaline earth metal halide, zinc halide 
and an alkali metal sulfide is used. 

(82) The process for producing phosphor particles 
according to (81) , wherein as the above dispersant or a 
precursor substance thereof, at least one compound 
selected from the group consisting of an alkali metal 
halide, a chloride of an alkaline earth metal except for 
beryllium, magnesium bromide, zinc fluoride, lithium 
sulfide, sodium sulfide and potassium sulfide is used. 

(83) The production process according to any one of (77) 
to (82) , wherein the amount of the above dispersant used 
is within a range of from 1 to 100 times the volume of 
the above phosphor. 

(84) The production process according to any one of (77) 
to (83) , wherein the formation temperature of the above 
phosphor particles is adjusted to be at least the melting 
point of the above dispersant and at most the temperature 
higher than the above melting point by 200*^C. 

(85) The production process according to any one of (77) 
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.to (84) , wherein after the above phosphor particles are 
formed, the above dispersant is dissolved in water and 
removed . 

(86) The production process according to any one of (77) 
5 to (85) , wherein after the above phosphor particles are 

formed, the above dispersant is heated to be evaporated 
and removed. 

(87) The production process according to any one of (77) 
to (86) , wherein the maximum size of the above phosphor 

10 particles is within a range of from 1 to 50 0 nm. 

(88) The production process according to (87) , wherein 
the above maximum size is within a range of from 1 to 100 
nm. 

(89) The production process according to (88) , wherein 
15 the above maximum size is within a range of from 1 to 10 

nm. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, the present invention will be explained in 
detail . 

20 The process for producing a phosphor of the present 

invention is characterized in that when a solution having 
inorganic salts and/or organic compounds such as 
complexes of metal elements constituting the phosphor 
dissolved or dispersed therein (hereinafter the solution 

25 having compounds containing metal elements constituting 
the phosphor dissolved or dispersed therein will be 
referred to as ''aqueous metal salt solution") is heated 
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to carry out pyrolysis, droplets of the above aqueous 
metal salt solution are subjected to pyrolysis with a 
certain additive (hereinafter referred to as '^additive") 
dissolved or suspended in the above aqueous metal salt 
5 solution, or with this additive present in a gaseous 
state in the atmosphere at the time of the above 
pyrolysis, to produce the desired phosphor. After the 
above aqueous metal salt solution is sprayed into a 
carrier gas to form fine droplets, they are dried to 

10 obtain metal salt particles of metals constituting the 

desired phosphor or particles of a complex of said metals 
(hereinafter referred to as "solid phosphor raw material 
particles"), and they are introduced to a pyrolysis 
furnace together with the carrier gas and heated to carry 

15 out pyrolysis. 

The process for producing a phosphor of the present 
invention chiefly comprises the following first to sixth 
embodiments by general classification, and basically in 
any of these six embodiments in common, the phosphor is 

20 produced by means of 1) a step of preparing an aqueous 
metal salt solution or a solution having a certain 
additive incorporated in said aqueous metal salt solution 
(hereinafter the aqueous metal salt solution or the above 
aqueous metal salt solution containing an additive to be 

25 formed into droplets will sometimes be referred to as 

"phosphor raw material solution") (phosphor raw material 
solution preparation step) , 2) a step for forming said 



26 

, phosphor' raw material solution into fine droplets in a 
carrier gas (droplet formation step) , 3) a step of 
classifying and drying the formed droplets to obtain 
solid phosphor raw material particles (droplet drying 
5 Step) , and 4) a step of transporting said solid phosphor 
raw material particles to a pyrolysis furnace together 
with the carrier gas and heating them to carry out 
pyrolysis to obtain a desired phosphor (pyrolysis step) , 
and as the case requires, 5) a step of annealing the 

10 phosphor once obtained by pyrolysis in the above 4) 

pyrolysis step (annealing step) is further carried out. 

Firstly, each production step in common with the 
production processes according to the respective 
embodiments of the present invention will be explained 

15 below. 

1) Phosphor raw material solution preparation step: 
In the present invention, for preparation of the 
phosphor raw material solution, metal salts or metal 
complexes containing metal elements constituting the 

20 phosphor is introduced into a solvent such as water and 
dissolved or dispersed in the solvent to obtain an 
aqueous metal salt solution, and a certain additive is 
further dissolved or dispersed in the aqueous metal salt 
solution as the case requires to obtain a phosphor raw 

25 material solution. Inorganic salts or organic metal 
compounds such as metal complexes containing metal 
elements constituting the phosphor, used for preparation 
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,of the phosphor raw material solution, are not 
particularly limited so long as they are water-soluble 
compounds or fine particulate compounds capable of being 
dispersed in a liquid, and they undergo pyrolysis into 
5 oxides when heated to a high temperature. It is also 
possible to use an aqueous metal salt solution obtained 
by dissolving oxides of metal elements constituting the 
phosphor in an acid. However, in order to easily 
synthesize the phosphor, it is preferred to use an 

10 aqueous nitrate solution or an aqueous halide solution of 
metal elements constituting the phosphor, particularly an 
aqueous nitrate solution. Nitrate particles obtained by 
spraying the aqueous nitrate solution to form fine 
droplets, followed by drying, easily decompose by heating 

15 to form a phosphor. At that time, preferably at least 10 
wt% of the metal salts dissolved in the aqueous metal 
salt solution are nitrates. It is more preferred that at 
least 50 wt% of the metal salts dissolved, in the aqueous 
metal salt solution are nitrates. 

20 The concentration of each metal element including 

the additive in the phosphor raw material solution is 
adjusted taking the diameter of the aimed phosphor 
particles and the diameter of fine droplets formed by 
spraying the aqueous metal salt solution into 

25 consideration. Namely, when the ratio of the droplet 

diameter of the phosphor raw material solution relative 
to the diameter of phosphor particles to be synthesized 
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.is high, the solute concentration in the phosphor raw 
material solution is decreased, and when the ratio is low, 
the solute concentration is increased. In order to 
synthesize a good phosphor, the solute concentration C of 
5 the metal elements in the aqueous solution is preferably 
within a range of O.Ol^C^S. If the solute concentration 
is lower than 0.01, the amount of the phosphor 
synthesized tends to be small relative to the water 
content removed by drying, thus decreasing the 

10 productivity. On the other hand, if the solute 

concentration is higher than 5, droplets are hardly 
formed. Here, C is the total number of mols of the 
entire metal elements of the phosphor raw materials 
contained in 1 of the phosphor raw material solution. 

15 In order to obtain a phosphor having favorable emission 
properties, it is preferred to use an aqueous metal salt 
solution having a low content of impurity elements such 
as iron or nickel to be a killer center . 

The pH of the aqueous metal salt solution is 

20 adjusted to be preferably at most 7, more preferably at 
most 5. When the pH of this aqueous metal salt solution 
is adjusted to be at most 7, a homogeneous aqueous 
solution tends to be formed, and homogeneous droplets can 
be formed by spraying, whereby a homogeneous phosphor can 

25 be synthesized. If the pH of the aqueous metal salt 

solution exceeds 7, a large amount of a precipitate of 
hydroxides of the metal elements constituting the 
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phosphor forms, whereby the liquid component is formed 
into droplets by priority at the time of spraying to form 
fine droplets, whereby a predetermined amount of the 
metal elements constituting the phosphor are hardly 
5 contained in the droplets, and as a result, the 

composition of the phosphor may vary or the particle 
diameter may vary, and a homogeneous phosphor having high 
emission properties can hardly be obtained. 

Further, in this aqueous metal salt solution, the 

10 compounds of the metal elements constituting the phosphor 
may not completely be dissolved and may be suspended in 
the form of a solid such as a metal salt, sol or colloid 
in part, however, in a case where a solid content is 
present in the aqueous metal salt solution, the 

15 proportion of the solid content is suppressed to be 

preferably at most 10 wt%, more preferably at most 1 wt%. 
If a large amount of solid content in the form of e.g. a 
metal salt, sol or colloid is present in the aqueous 
metal salt solution, the liquid component is formed into 

20 droplets by priority at the time of spraying, whereby e.g. 
the metal salt, sol or colloid as a solid content is 
hardly contained in the droplets, and as a result, the 
composition of the phosphor may vary or the particle 
diameter may vary, and no homogeneous phosphor having 

25 high emission properties tends to be obtained . 
2) Droplet formation step: 

The aqueous metal salt solution or the phosphor raw 
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.material solution further containing an additive as the 
case requires, prepared as described above, is formed 
into fine droplets in the carrier gas. As a method of 
forming fine droplets from the phosphor raw material 
5 solution in the carrier gas, various methods can be 

employed as follows. For example, a method of spraying a 
liquid while drawing it up with a pressurized air to form 
droplets of from 1 to 50 /zm, a method of utilizing 
ultrasonic waves at a level of 2 MHz from piezoelectric 

10 crystals to form droplets of from 4 to 10 fim, a method 

wherein an orifice having a pore size of from 10 to 20 /xm 
is oscillated by a transducer, and a liquid supplied 
thereto at a constant rate is discharged from the pore in 
a constant amount depending upon the frequency to form 

15 droplets of from 5 to 50 /im, a method of letting a 

phosphor raw material solution fall on a rotating disk at 
a constant rate to form droplets of from 20 to 100 /zm by 
centrifugal force, or a method of applying a high voltage 
to the liquid surface to form droplets of from 0.5 to 10 

20 /xm, may be mentioned. 

3) Droplet drying step 

Before drying fine droplets of the phosphor raw 
material solution formed in the droplet forming process 
to form solid phosphor raw material particles, the fine 
25 droplets of the phosphor raw material solution are 

classified so that the weight average particle diameter 
of the fine droplets is from 0.5 to 50 /xm, and 90 wt% of 
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,the fine droplets have a particle diameter at most double 
the weight average particle diameter, whereby the 
particle diameter distribution can be narrowed, and a 
phosphor excellent in coating properties at the time of 
5 forming a fluorescent layer can be produced. Fine 
droplets removed before drying may be recovered and 
reused as a phosphor raw material solution as the raw 
material. As a result, a phosphor having a narrow 
particle diameter distribution can be produced with a 

10 high yield. If small droplets having a particle diameter 
smaller than 0.5 /xm increase, the phosphor to be formed 
tends to be so small as less than 0.1 fim, and when a 
fluorescent layer for e.g. a display is formed, the 
viscosity of a phosphor slurry tends to be high, and 

15 coating properties tend to decrease. On the other hand, 
if droplets larger than 50 /im increase, the phosphor to 
be formed tends to be extremely large, whereby a dense 
and high definitive fluorescent layer is less likely to 
be formed. It is more preferred to adjust the particle 

20 diameter by classification of the fine droplets of the 
aqueous metal salt solution so that the weight average 
particle diameter is within a range of from 1 to 2 0 /xm 
and 90 wt% of the fine droplets are fine droplets having 
a particle diameter at most double the weight average 

25 particle diameter. 

In order to increase the production efficiency of 
the phosphor in the pyrolysis of the phosphor raw 
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.material solution to produce the phosphor, it is 
preferred to concentrate the droplet volume per unit 
volume of the carrier gas for droplets by a classifier. 
As a classifier, a classifier by gravity, a centrifugal 
5 classifier or an inertia classifier may, for example, be 
used. Among them, an inertia classifier is preferred to 
remove fine droplets having a particle diameter smaller 
than the above lower limit with part of the gas from the 
carrier gas for fine droplets, to concentrate the droplet 

10 volume per unit volume of the carrier gas for droplets. 

The fine droplets thus obtained from the phosphor 
raw material solution may be heated for pyrolysis as they 
are, however, it is preferred to firstly dry the obtained 
droplets to once obtain solid phosphor raw material 

15 particles, and heating them for pyrolysis. As a method 

of drying the droplets, freeze drying, vacuum drying, j 
diffusion drying or drying by heating may, for example, 
be employed. Drying by heating which can be carried out 
at a low cost is preferred in industrial production as 

20 compared with freeze drying, vacuum drying, diffusion 
drying, etc- 

In the case where the fine droplets are dried by 
heating, the heating rate is preferably at most 400°C per 
second. When the drying rate is higher than 4 00°C per 
25 second, a layer of metal salts or metal complexes is 

formed on the surface of the droplets before moisture at 
the center part of the droplets evaporates at the time of 
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.drying, whereby no spherical and solid phosphor particles 
tend to be formed, and hollow particles will be obtained 
or fine particles will be obtained by explosion. When 
the heating rate at the time of drying is at most 200°C 
5 per second, spherical and solid phosphor particles can be 
produced stably. 

It is preferred to maintain the solid phosphor raw 
material particles obtained by drying at a temperature of 
at least lOO^C until the pyrolysis. If they have a 
10 temperature lower than 100°C before pyrolysis, water 
vapor generated at the time of drying may condense, 
whereby the metal salt particles or the metal complex 
particles (solid phosphor raw material particles) are re- 
dissolved in part, whereby there is a fear that phosphor 
15 particles having desired shape and particle diameter can 
not be obtained. 

4) Pyrolysis step 

The solid phosphor raw material particles obtained 
by drying the droplets of the phosphor raw material 

20 solution are then introduced to a pyrolysis furnace 
together with the carrier gas, heated and undergo 
pyrolysis and synthesis to form desired phosphor 
particles. It is possible to control the shape and the 
surface state of the phosphor particles to be formed, 

25 such as hollow spheres, porous particles, solid particles 
or crushed particles, by selecting factors which have an 
influence over the heating rate such as the type of the 
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.phosphor raw material solution, the type of the gas, the 
gas flow rate and the temperature in the pyrolysis 
furnace . 

For pyrolysis of the solid phosphor raw material 
5 particles, the optimum temperature is selected taking the 
type of the phosphor to be synthesized, the type and 
amount of the metal or the metal compound to be added to 
the phosphor raw material into consideration, and 
specifically, it is preferred that the heating 

10 temperature is from 1350 to 1900**C and the heating time 
is within a range of at least 0.5 second and at most 10 
minutes, and it is particularly preferred that the 
heating temperature is from 1450 to 1800°C, and the 
heating time is at least 3 seconds and at most 1 minute. 

15 If the pyrolysis temperature is lower than the above 

range or the heating time is shorter than the above range, 
the metal salts may not undergo adequate pyrolysis, 
whereby no desired phosphor may be formed. Further, the 
crystallinity tends to be low, whereby the activator ions 

20 may not adequately be contained in the crystal, whereby 
emission properties tend to be low. On the other hand, 
if the pyrolysis temperature is higher than the above 
range or the heating time is too long, an unnecessary 
energy tends to be wasted. 

25 In the process for producing a phosphor of the 

present invention, as a carrier gas for droplets 
consisting of the phosphor raw material solution, air. 
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.oxygen, nitrogen, hydrogen, or nitrogen or argon 
containing a small amount of carbon monoxide or hydrogen, 
may, for example, be used, however, in order to obtain 
favorable emission properties, it is important to select 
5 the gas depending upon the chemical composition of the 
phosphor and the type of the activator ion contributing 
to light emission. For example, in a case where the 
phosphor comprising as the main phase an oxide employing 
e.g. Eu^"^ which is likely to maintain the valency in an 

10 oxidizing atmosphere as an activator ion is to be 

synthesized, an oxidizing gas such as air or oxygen is 
preferred, and in a case where a phosphor comprising as 
the main phase an oxide employing e.g. Eu^"^ which is 
likely to maintain the valency in a reduction atmosphere 

15 as the activator ion is to be synthesized, a reduction 
gas such as hydrogen, or nitrogen or argon containing a 
small amount of hydrogen is preferred. 

Depending upon the type of the phosphor to be 
produced, the content of carbon monoxide and carbon 

20 dioxide in the atmosphere for pyrolysis is adjusted to 
preferably at most 5 vol%, more preferably at most 0.5 
vol%. If it exceeds 5 vol%, a basic carbonate may 
precipitate in the inside or on the surface of the 
phosphor, thus decreasing the emission properties of the 

25 phosphor. For example, a basic carbonate is likely to 

precipitate in the case of a Y203:Eu phosphor or Y2O3 : Tb 
phosphor for example. 



The powder (phosphor) formed in the pyrolysis 
furnace is collected by e.g. a bag filter. The obtained 
powder (phosphor) may be used as a phosphor as it is in 
some cases, and a certain post -treatment may be required 
in other cases. As one of required post -treatments, the 
additive may be washed with an acid or water and removed. 
For example, a powder containing a phosphor obtained by 
the heat treatment is put in water and stirred, and then 
subjected to centrifugal separation, and the supernatant 
fluid is removed, and this operation is repeatedly 
carried out, followed by drying to remove a water-soluble 
component . 

Now, characteristics of the invention according to 
the first to sixth embodiments will be explained below. 

In the present invention, the production process 
according to the first embodiment is characterized in 
that a phosphor raw material solution having an additive 
comprising a metal or a metal compound, for adjustment of 
the average crystal growth rate of the phosphor, added to 
the above aqueous metal salt solution, is used, and the 
above phosphor raw material solution is sprayed into a 
gas to form fine droplets in accordance with the above- 
described steps in common with the processes for 
producing the phosphor of the present invention, and the 
fine droplets are dried to obtain solid phosphor raw 
material particles, which are heated in a pyrolysis 
furnace to carry out pyrolysis to form the phosphor, and 



.the average crystal growth rate of the phosphor is 
adjusted to a certain rate at that time. 

By adjusting the average crystal growth rate of the 
phosphor to at least 0.002 /im^/sec when the solid 
phosphor raw material particles obtained by drying the 
droplets of the phosphor raw material solution are 
subjected to pyrolysis to form the phosphor, whereby a 
phosphor having excellent emission properties can be 
provided . 

If the average crystal growth rate of the phosphor 
formed when the solid phosphor raw material particles are 
heated for pyrolysis is lower than 0.002 /xm^/sec, lattice 
defects or surface defects are likely to be contained in 
the phosphor, whereby no phosphor having excellent 
emission properties can be obtained. On the other hand, 
if this rate is too high, there will be few problems in 
view of properties of the phosphor, however, such is not 
practical in many cases since the amount of the additive 
has to be increased or the heating temperature has to be 
increased. The more preferred range of the average 
crystal growth rate is from 0.01 to 500 /zm^/sec. 

In the present invention according to the first 
embodiment, the average crystal growth rate is defined as 
follows. Namely, the diameter of a primary particle of 
the phosphor particles is read from a scanning electron 
micrograph of the obtained phosphor. Here, the primary 
particle is a minimum particle defined by a grain 
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.boundary observed in a particle which is considered to. be 
present independently. Here, in a case where the primary 
particle is not spherical, an intermediate value of the 
maximum diameter and the minimum diameter is read. From 
5 this primary particle diameter, the volume is obtained 
presuming the primary particle as a sphere. The value 
obtained by dividing this volume by the heating time is 
taken as the average crystal growth rate. The unit of 
the average crystal growth rate is /im^/sec when the unit 

10 of the particle diameter is /xm and the unit of the 
heating time is sec. 

In the production process according to the first 
embodiment of the present invention, as the additive 
comprising a metal or a metal salt to be added to the 

15 aqueous metal salt solution, for adjustment of the above- 
described average particle growth rate, an alkali metal 
i.e. Li, Na, K, Rb, Cs, etc., or a compound thereof, may, 
for example, be used. Among them, particularly preferred 
are a nitrate, chloride, hydroxide, etc. of an alkali 

20 metal. The additive is preferably such that the residue 
after the heat treatment has no influence over emission 
properties, or it can easily be removed by a post- 
treatment. The above additive is not necessarily added 
to the aqueous metal salt solution from the beginning as 

25 described above, and a solution containing the above 
additive may be introduced to the pyrolysis furnace 
directly, or it is separately heated for decomposition 



, and formed into a liquid or gaseous state and then 
introduced to the furnace, and heated together with the 
solid phosphor raw material particles for pyrolysis. 

In the present invention, the production process 
according to the second embodiment is characterized in 
that a phosphor raw material solution having a substance 
for thin film layer formation to cover the surface of the 
phosphor with a thin film layer, as an additive dissolved 
or dispersed in the above aqueous metal salt solution, is 
used, and the above phosphor raw material solution is 
sprayed into a gas to form fine droplets in accordance 
with the above -described steps in common with the 
phosphor of the present invention, and the fine droplets 
are dried to obtain solid phosphor raw material particles, 
which are heated in a pyrolysis furnace to carry out the 
pyrolysis to form a phosphor having its surface covered 
with a thin film layer comprising the substance for thin 
film layer formation. 

The substance for thin film layer formation to be 
added to the aqueous metal salt solution is not 
particularly limited so long as it can be dissolved or 
dispersed in the aqueous metal salt solution, contained 
in the solid phosphor raw material particles in the 
drying step, is vaporized or undergoes pyrolysis at a 
pyrolysis temperature to be in a gaseous state, and 
precipitates on the surface of the phosphor particles to 
be obtained ultimately by the pyrolysis of the solid 
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-phosphor raw material particles to form a thin film, and 
improves emission properties of the phosphor. 
Specifically, a nitride, chloride or hydroxide containing 
at least one element selected from the group consisting 
5 of Li, Na, K, Rb and Cs may be used. Among them, a 
nitrate of Li is particularly preferred. In the 
production process according to the second embodiment 
also, the above substance for thin film layer foirmation 
is not necessarily added to the aqueous metal salt 

10 solution from the beginning as described above, and the 
above substance for thin film layer formation may be 
introduced to the pyrolysis furnace directly or after it 
is separately heated for evaporation and decomposition, 
and then heated together with the solid phosphor raw 

15 material particles for pyrolysis. 

The thin film layer is preferably removed from the 
surface of the phosphor particles thus obtained by the 
production process according to the second embodiment of 
the present invention, because the thin film layer may 

20 deteriorate emission properties of the phosphor or 

coating properties in some cases. As the removal method, 
a method of evaporating and removing the thin film layer 
by heating, or a method of dissolving it with a solvent, 
may, for example, be mentioned. The solvent used is not 

25 particularly limited so long as it does not dissolve the 
phosphor particles and selectively dissolves the thin 
film layer. For example, water or an acidic aqueous 



solution is preferred, which can be used simply at a low 
cost . 

In the production process according to the second 
embodiment, by evaporating or decomposing the above 
substance for thin film layer formation into a gaseous 
state in the above process of pyrolysis to precipitate it 
on the surface of the above phosphor particles to form a 
thin film layer having an average film thickness of at 
least 10 nm, a phosphor which has a narrow particle 
diameter distribution, which has a small amount of 
aggregated particles, which is spherical, which has a 
high purity and a uniform chemical composition, and which 
has excellent emission properties, can be provided at a 
low cost, and it is possible to form a homogeneous and 
dense high brightness fluorescent layer when applied to 
e.g. a cathode ray tube, a fluorescent lamp or a PDP, 
after the thin film layer formed on the surface is 
removed. The thin film layer which covers the phosphor 
of the present invention preferably has an average film 
thickness of at least 10 nm. If it is thinner than 10 nm, 
it tends to be difficult to homogeneously cover the 
surface of the phosphor particles, and emission 
properties can not adequately be improved. The more 
preferred range of the average layer thickness is from 2 0 
to 500 nm. The average film thickness of the thin film 
layer is determined by observation with a scanning 
electron microscope of the cross section of the phosphor 



42 

, particles. 

In the production process according to the second 
embodiment, it is preferred to preliminarily prepare the 
phosphor raw material solution comprising the aqueous 
5 metal salt solution containing a substance for thin film 
layer formation so as to satisfy the relation (AxO.l)^B 
when the total number of mols of the metal elements 
constituting the phosphor is A and the total number of 
mols of the metal elements contained in the substance for 

10 thin film layer formation is B. If the substance for 

thin film layer formation is smaller than the above range, 
the thin film layer tends to be too thin and non-uniform, 
whereby the phosphor particles can not adequately be 
covered, and the emission properties of the phosphor can 

15 not adequately be improved. In such a case, the relation 
of the above solution is preferably (AxO . 1 ) (AxlO) . 

As the phosphor to which the production process 
according to the second embodiment of the present 
invention can be applied, a phosphor comprising as the 

2 0 main component a crystal phase represented by the 

compositional formula (Rli-x, R2x) 2O3 (where Rl is at least 
one element selected from the group consisting of Y, Gd, 
La, Lu and Sc, R2 is at least one element selected from 
the group consisting of Ce, Pr, Nd, Eu, Tb, Dy and Tm, 

25 and X is a number which satisfies 0<x^0.2) may, for 

example, be mentioned. In a case where a phosphor of the 
above-mentioned compositional formula (Rli-x/ R2x) 2O3 
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-according to the second embodiment of the present 
invention is produced, an oxide phosphor having favorable 
emission properties can be synthesized by adjusting the 
phosphor raw material solution to be sprayed so that it 
5 contains a compound containing at least one element Rl 
selected from the group consisting of Gd, La, Lu and 
Sc and a compound containing at least one element R2 
selected from the group consisting of Ce, Pr, Nd, Eu, Tb, 
Dy and Tm, and further contains a compound containing at 

10 least one element selected from the group consisting of 
Li, Na, K, Rb and Cs as a substance for thin film layer 
formation, and a condition (CxO . 1) (CxlO) is met when 

the total number of mols of Rl and R2 in the aqueous 
metal salt solution is C and the total number of mols of 

15 the metal elements contained in the substance for thin 
film layer formation is D. With respect to this oxide 
phosphor also, if the total number of mols D of the metal 
elements contained in the substance for thin film layer 
formation is smaller than (CxO.l), the thin film layer 

20 on the surface of the phosphor particles tends to be too 
thin and non-uniform, and the emission properties of the 
phosphor can not adequately be improved. Further, if it 
is higher than (CxlO) , an unnecessary material is 
consumed, thus increasing the cost of the phosphor. 

25 The production process according to the third 

embodiment of the present invention is characterized in 
that when the above phosphor raw material solution is 
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-formed into fine droplets in the carrier gas in 
accordance with the above -described steps in common with 
the processes for producing the phosphor of the present 
invention, and the fine droplets are dried to obtain 
5 solid phosphor raw material particles, which are heated 
to carry out pyrolysis to produce the phosphor, a metal 
chloride in a gaseous state is contained in the 
atmosphere gas to carry out heating and pyrolysis. By 
producing a phosphor by the production process according 

10 to this embodiment, crystallinity of the phosphor is 
improved, generation of aggregated particles is 
suppressed, and a phosphor having a high purity and 
uniform chemical composition and excellent emission 
properties can be provided. 

15 In the production process according t.o the third 

embodiment, a metal chloride in a gaseous state is 
contained in the atmosphere gas at the time of pyrolysis 
of droplets of the phosphor raw material solution or the 
solid phosphor raw material particles obtained by drying 

20 them, and in order to obtain an atmosphere containing a 
metal chloride in a gaseous state, (i) a method of 
introducing a metal chloride which is brought into a 
gaseous state by preliminarily heating a precursor 
substance of the metal chloride in a gaseous state to a 

25 pyrolysis furnace, (ii) a method of directly introducing 
the aqueous solution of a metal chloride to a pyrolysis 
furnace, or (iii) a method of using a solution having a 
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^precursor substance of a metal chloride in a gaseous 
state preliminarily incorporated as the additive in the 
aqueous metal salt solution, as the phosphor raw material 
solution, may, of example, be mentioned. Among the 
5 methods, the above method (iii) of using the phosphor raw 
material solution having a precursor substance which can 
be a metal chloride in a gaseous state incorporated in 
the aqueous metal salt solution is preferred since it can 
easily be carried out. 

10 As the additive to be added to the aqueous metal 

salt solution, it is preferred to add a precursor 
substance of a metal chloride which forms a metal 
chloride in a gaseous state at a pyrolysis temperature. 
The precursor substance is more preferably a metal 

15 chloride which easily gasifies by heating. By reacting 
the metal chloride in a gaseous state at a pyrolysis 
temperature with phosphor particles, a phosphor having 
excellent properties can be synthesized in a short time 
at a level of from several seconds to several minutes. 

20 The above precursor substance is not particularly limited 
so long as it can form a metal chloride in a gaseous 
state at a pyrolysis temperature. However, an alkali 
metal chloride which is likely to gasify and which is 
stable in a gaseous state, is particularly preferred. 

25 Among them, when lithium chloride is used as the 

precursor substance, a phosphor having most favorable 
emission properties can be produced. Further, since a 



compound of the metal chloride in a gaseous state with 
carbon monoxide or carbon dioxide may form to decrease 
the emission properties of the obtained phosphor, the 
content of carbon monoxide and carbon dioxide in the 
atmosphere gas for pyrolysis is particularly preferably 
at most 0.1 vol%. 

As mentioned above, a phosphor is produced by the 
production process according to the third embodiment by 
means of the above -described steps in common with the 
processes for producing a phosphor of the present 
invention except that heating is carried out while a 
metal chloride capable of providing a metal chloride in a 
gaseous state to the atmosphere when heating for 
pyrolysis is carried out or a precursor thereof, is 
contained in the phosphor raw material solution or 
directly supplied to the pyrolysis f urnace . 

In the case of the production process according to 
the third embodiment, it is important that the pyrolysis 
is carried out in an atmosphere containing a metal 
chloride in a gaseous state, in order to obtain a 
phosphor having high emission properties. The metal 
chloride in a gaseous state is present in an amount of 
from 0.001 to 5 vol%, particularly preferably from 0.01 
to 1 vol%, based on the atmosphere gas at the time of 
pyrolysis. If the metal chloride in a gaseous state is 
too small or too large, the emission properties of the 
obtained phosphor tend to decrease. To dry the obtained 
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.droplets to form solid phosphor raw material particles, 
drying by heating is preferred since it can be carried 
out at a low cost in industrial production. However, in 
a case where a phosphor is produced by the production 
5 process according to the third embodiment of the present 
invention, in a case where the droplets comprising the 
phosphor raw material solution are dried to obtain solid 
phosphor raw material particles, it is more preferred 
that moisture is removed from the fine droplets by a 

10 diffusion drying method to obtain metal salt particles or 
metal complex particles, which are then introduced to the 
pyrolysis furnace, whereby the metal chloride in a 
gaseous state easily forms. 

The production process according to the fourth 

15 embodiment of the present invention makes it possible to 
improve crystal Unity of the phosphor, to suppress 
generation of the aggregated particles, and to provide a 
phosphor having a high purity, a uniform chemical 
composition and excellent emission properties, by 

20 incorporating a metal hydroxide in a gaseous state in the 
atmosphere gas when the above aqueous metal salt solut:ion 
is formed into fine droplets in a carrier gas in 
accordance with the above -described steps in common with 
the processes for producing a phosphor of the present 

25 invention, and the droplets are dried to form solid 
phosphor raw material particles, which are heated to 
carry out pyrolysis to produce a phosphor. 
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•In the production process according to the fourth 
embodiment of the present invention, it is preferred to 
add a precursor substance which can be a metal hydroxide 
in a gaseous state when reacted with water at a pyrolysis 
5 temperature, as an additive to the aqueous metal salt 

solution to obtain a phosphor raw material solution. As 
the precursor substance, a metal nitrate which easily 
decomposes by heating and reacts with water is more 
preferred. When the metal hydroxide in a gaseous state 

10 is reacted with phosphor particles at a pyrolysis 

temperature, a phosphor having high properties can be 
synthesized in a short time at a level of from several 
seconds to several minutes . 

The precursor substance which can be a metal 

15 hydroxide in a gaseous state is not particularly limited 
so long as it can form a metal hydroxide in a gaseous 
state when reacted with water at a pyrolysis temperature. 
Further, preferred is an alkali metal nitrate in view of 
reactivity with water, stability in gaseous state, etc. 

20 Among them, when lithium nitrate is used as the precursor 
substance, a phosphor having most favorable emission 
properties can be produced- In the case of the 
production process according to the fourth embodiment 
also, similar to the case of the production process 

25 according to the third embodiment, the above metal 

hydroxide which can be in a gaseous state or a precursor 
thereof is incorporated in the atmosphere gas at the time 
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>of pyrolysis of the solid phosphor raw material particles 
by employing (i) a method of introducing a metal 
hydroxide which is preliminarily brought into a gaseous 
state by heating to pyrolysis, (ii) a method of directly 
5 introducing an aqueous solution of a metal hydroxide to a 
pyrolysis furnace, or (iii) a method of incorporating it 
in the phosphor raw material solution from the beginning, 
etc . 

In the production process according to the fourth 

10 embodiment of the present invention, the phosphor of the 
present invention is produced by means of the above- 
described steps in common with the processes for 
producing the phosphor of the present invention except 
that droplets of the phosphor raw material solution 

15 having a metal hydroxide capable of supplying a metal 
hydroxide in a gaseous state to the atmosphere when 
heating for pyrolysis is carried out or a precursor 
thereof added thereto or solid phosphor raw material 
particles obtained by drying them, are heated for 

20 pyrolysis in an atmosphere containing a metal hydroxide 
in a gaseous state. 

The production process according to the fifth 
embodiment of the present invention makes it possible to 
improve crystallinity of the phosphor, to suppress 

25 generation of aggregated particles, and to provide a 
phosphor having a high purity, a uniform chemical 
composition and excellent emission properties, by 
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•incorporating a hydrogen halide in a gaseous state in the 
atmosphere gas when the above aqueous metal salt solution 
is formed into fine droplets in a carrier gas in 
accordance with the above -described steps in common with 
5 the processes for producing a phosphor of the present 
invention, the droplets are dried to obtain solid 
phosphor raw material particles, which are heated to 
carry out pyrolysis to produce a phosphor. 

In the production process according to the fifth 

10 embodiment of the present invention, it is preferred to 
incorporate a precursor substance which can form a 
hydrogen halide in a gaseous state at a pyrolysis 
temperature in the above -described aqueous metal salt 
solution, as the phosphor raw material solution to be 

15 formed into fine droplets. In the case of production 

process according to the fifth embodiment also, similar 
to the cases of the production processes according to the 
above -described third and fourth embodiments, the above 
halide in a gaseous state or a precursor thereof may be 

20 formed into a liquid or gaseous state and directly 

introduced to the atmosphere gas in the pyrolysis furnace 
to heat the solid phosphor raw material particles to 
carry out pyrolysis. As the precursor substance, more 
preferred is a non-metallic halide which easily vaporizes 

25 by heating. When a hydrogen halide in a gaseous state is 
reacted with phosphor particles at a pyrolysis 
temperature, a phosphor having favorable properties can 
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^be synthesized in a short time at a level of from several 
seconds to several minutes . The precursor substance 
which can form a hydrogen halide in a gaseous state is 
not particularly limited so long as it can form a 
5 hydrogen halide in a gaseous state at a pyrolysis 
temperature. However, preferred as the precursor- 
substance is hydrofluoric acid, hydrochloric acid, 
hydrobromic acid, ammonium fluoride, ammonium hydrogen 
fluoride, ammonium chloride or ammonium bromide, since a 
10 phosphor having favorable phosphor properties can be 
synthesized. 

The phosphor raw material solution containing a 
precursor substance which forms a hydrogen halide in a 
gaseous state at a pyrolysis temperature in the aqueous 

15 metal salt solution is then formed into fine droplets in 
a carrier gas in accordance with the above -described 
steps in common with the processes for producing a 
phosphor of the present invention, and an operation of 
classification and drying is applied to the fine droplets 

20 as the case requires, and then the formed solid phosphor 
raw material particles are introduced to the pyrolysis 
furnace together with the carrier gas to carry out 
pyrolysis, whereby the phosphor according to the fifth 
embodiment of the present invention is produced. 

25 In the production process according to the fifth 

embodiment of the present invention, it is required to 
employ an atmosphere containing a hydrogen halide in a 
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-gaseous state for pyrolysis in order to obtain a phosphor 
having a high emission intensity. An atmosphere 
containing a hydrogen halide in a gaseous state is 
achieved by a method of introducing a hydrogen halide 
5 which is brought into a gaseous state by preliminarily 
heating said precursor substance to a pyrolysis furnace, 
or a method of directly introducing an aqueous solution 
of a hydrogen halide to a pyrolysis furnace, similar to 
the case of the above production process according to the 

10 third embodiment of the present invention, in addition to 
a method of using the phosphor raw material solution 
having a precursor substance which forms a hydrogen 
halide in a gaseous state at a pyrolysis temperature 
incorporated in the aqueous metal salt solution. 

15 In the production process according to the fifth 

embodiment, although depending upon the composition of 
the phosphor to be produced, in order to obtain a 
phosphor comprising as a main phase an oxide having a 
high crystallinity and high emission brightness, heating 

20 and pyrolysis of the solid phosphor raw material 
particles in the pyrolysis furnace is carried out 
preferably at a temperature within a range of from 600 to 
1900®C for a residue time within a range of from 0.5 
second to 1 minute, particularly preferably at a 

25 temperature within a range of from 1450 to 1800°C for a 
residue time within a range of from 0.5 second to 1 
minute . 
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'The process for producing a phosphor according to 
the sixth embodiment of the present invention is 
characterized in that when the fine droplets of the metal 
salt aqueous solution or the solid phosphor raw material 
particles obtained by drying them are heated with the 
carrier gas to carry out pyrolysis to synthesize the 
desired phosphor, a compound as a dispersant which has a 
role to disperse phosphor particles to be formed in the 
reaction system, is made to coexist in the reaction 
system as an additive, and the above droplets or the 
above solid phosphor raw material particles are heated 
and subjected to pyrolysis, and heating following the 
pyrolysis is continued in such a state that the above 
dispersant in a molten state is contacted with the 
firstly formed precursor of the phosphor (hereinafter 
various intermediates produced by pyrolysis of the solid 
phosphor raw material particles, present in the process 
in which the pyrolysis product becomes the crystal nuclei 
for the desired phosphor, will generically be referred to 
as ^'phosphor precursor"), whereby a plurality of phosphor 
particles formed from the above phosphor precursor, 
wrapped in the above dispersant which is solidified and 
formed into a particle, are taken out to the outside the 
reaction system together with the carrier gas. When the 
crystal nuclei of the phosphor are formed from the 
phosphor precursor, mutually direct contact of the above 
phosphor precursor is inhibited by the liquid dispersant 
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•present at the surrounding of the precursor, and 
aggregation of particles in the process of crystal growth 
of the phosphor crystal nuclei can be prevented, whereby 
phosphor particles, each particle being in substantially 
5 independent particle form, can be obtained and as a 
result, it becomes possible to produce fine phosphor 
particles having a high purity, a uniform chemical 
composition and excellent dispersibility , 

In the production process according to the sixth 

10 embodiment, the dispersant introduced into the reaction 

system as an additive at the time of pyrolysis may be any 
substance which is molten at the time of pyrolysis to 
constitute the dispersion system of phosphor particles to 
be formed via the phosphor precursor, and it is preferred 

15 to use the substance which hardly reacts with the 

phosphor particles chemically. Further, it is also 
possible to add a precursor substance of the dispersant, 
which functions similarly to the above dispersant at the 
time of pyrolysis. 

20 To introduce this dispersant or the precursor 

substance thereof to the reaction system at the time of 
pyrolysis, either of a method of preliminarily adding it 
to the aqueous metal salt solution and spraying the 
aqueous phosphor raw material solution containing both 

25 into the carrier gas to form fine droplets thereof, and a 
method of spraying a phosphor raw material solution 
comprising the metal salt solution alone into the carrier 
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•gas to form fine droplets, followed by drying to obtain 
solid phosphor raw material particles, and spraying a 
dispersant which is made to be in a molten state or a 
gaseous state by heating to a high temperature on the 
5 surface of the above solid phosphor raw material 

particles in the above carrier gas to form a dispersant 
particle which wraps the above solid phosphor raw 
material particles therein or which is attached to the 
particles, may be selected. In short, it is important 

10 that phosphor particles formed via the^phosphor precursor, 
which is formed by pyrolysis of a droplet of the phosphor 
raw material solution or a solid phosphor raw material 
particle are dispersed in the dispersant molten at the 
time of pyrolysis. In each method, it is preferred to 

15 remove the above dispersant after the crystals of the 
phosphor are grown to obtain fine phosphor particles. 

The phosphor raw material solution comprising the 
aqueous metal salt solution alone or comprising the 
aqueous metal salt solution and containing a dispersant 

20 or a precursor substance thereof, is formed into fine 

droplets in the carrier gas in accordance with the above - 
described steps in common with the processes for 
producing a phosphor of the present invention, and an 
operation of classification and drying is further applied 

25 to the fine droplets as the case requires, and the formed 
solid phosphor raw material particles containing a 
dispersant or a precursor thereof, or said solid phosphor 
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*raw material particles, on the surface of which a 
dispersant in a gaseous state is sprayed, are heated to 
carry out pyrolysis, whereby a phosphor according to the 
sixth embodiment of the present invention is produced. 
5 In the production process according to the sixth 

embodiment of the present invention, as the above 
dispersant or a precursor substance thereof, to be added 
to the phosphor raw material solution or to be sprayed on 
the surface of the solid phosphor raw material particles 

10 obtained by drying droplets of the phosphor raw material 
solution, at least one compound selected from the group 
consisting of an alkali metal halide, an alkaline earth 
metal halide, a zinc halide and an alkali metal sulfide, 
may be used. Among them, it is preferred to use at least 

15 one compound selected from the group consisting of an 
alkali metal halide, a chloride of an alkaline earth 
metal except for beryllium, magnesium bromide, zinc 
fluoride, lithium sulfide, sodium sulfide and potassium 
sulfide . 

20 The amount of the dispersant in a formed dispersant 

particle which wraps the phosphor particles at the time 
of pyrolysis, is preferably from 1 to 100 times the 
volume of the phosphor. If the amount of the dispersant 
is smaller than the above proportion, crystallinity of 

25 the phosphor can not adequately be improved, and 

aggregation of the synthesized phosphor particles may not 
be avoided. If the amount is larger than the above 
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•proportion, although crystallinity of the phosphor may 
adequately improve, the amount of the phosphor single 
crystals formed in a dispersant particle tends to be 
small, thus decreasing productivity. The more preferred 
5 amount of the dispersant is from 1 to 2 0 times the volume 
of the obtained phosphor. 

In the production process according to the sixth 
embodiment of the present invention, as a heating 
condition in the pyrolysis step, although depending upon 

10 the type of the phosphor to be produced, it is necessary 
to carry out the pyrolysis of the droplets of the 
phosphor raw material solution or the solid phosphor raw 
material obtained by drying them at a temperature of at 
least the melting point of the dispersant at least at the 

15 time of heating the phosphor precursor formed by 

pyrolysis of said solid phosphor raw material particles, 
as it is required that the dispersant is in a molten 
state during the heating for pyrolysis, and it is 
preferred to carry out the pyrolysis at a temperature of 

2 0 at most a temperature higher than the melting point by 

2 00°C. By carrying out the pyrolysis at a temperature of 
at least the melting point of the dispersant or a 
precursor thereof and at most a temperature higher than 
the melting point by 2 00°C, the phosphor precursor can be 

25 wrapped in a dispersant particle at the time of pyrolysis, 
and the crystal nuclei of the phosphor can be formed and 
grown from the phosphor precursor, the surrounding of 
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which is wrapped with the dispersant in a molten state, 
whereby the phosphor particles after synthesis are hardly 
aggregated. As a result, the crystallinity of the 
phosphor can remarkably be improved, and fine phosphor 
particles having a high purity and uniform chemical 
composition can be obtained. 

The dispersant which wraps the phosphor particles 
formed from the phosphor precursor is preferably removed 
after completion of the synthesis of the phosphor, in 
order to maintain emission properties, since the 
dispersant may absorb incident electron or ultraviolet 
light used to excite the phosphor or absorbs emission 
from the phosphor, thus decreasing the emission 
properties in some cases. 

When a water-soluble inorganic salt is used as the 
dispersant, the dispersant can easily be removed by 
dissolving it in water after synthesis of the phosphor in 
the dispersant, whereby recovery of the fine phosphor 
particles can easily be carried out. As the melting 
point of the usable dispersant is lower than the melting 
point of the phosphor, it is possible to heat and 
evaporate the dispersant, and recover the phosphor 
particles by separation. 

The maximum size of the phosphor particles contained 
in the dispersant particles is preferably within a range 
of from 1 to 500 nm, more preferably within a range of 
from 1 to 100 nm, furthermore preferably within a range 
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^of from 1 to 10 nm. If the maximum size of the phosphor 
particles is smaller than 1 nm, it is hard to uniformly 
introduce the activator in the crystal. On the other 
hand, if the maximum size of the phosphor particles is 
5 too large, it tends to be difficult to synthesize a 
plurality of phosphor particles which are spatially 
independent in a particle of the dispersant. Further, 
when the maximum size is at most 10 nm, emission 
properties of the phosphor can remarkably be improved. 

10 5) Annealing step 

A two- stage heating method may also be employed 
wherein the phosphor obtained by the process according to 
any of the above -described first to sixth embodiments is 
subjected to pyrolysis in the pyrolysis furnace to obtain 

15 phosphor particles containing a desired crystal phase, 

and annealing is further carried out. By this annealing, 
crystallinity of the phosphor particles is increased, and 
at the same time, the valency of the activator ions is 
controlled to uniformly activate the inside of the 

20 crystal, whereby a phosphor having favorable emission 
properties can be obtained. 

In this two-stage heating method (annealing method) , 
the metal salt particles or the metal complex particles 
(solid phosphor particles) are subjected- to pyrolysis in 

25 the pyrolysis furnace at a temperature within a range of 
from 1350 to 1900°C for a heating time of at least 0.5 
second and at most 10 minutes, and in a case of the 
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-phosphor obtained by the production process according to 
the above .second embodiment of the present invention, for 
example, the thin film layer on the surface of the 
phosphor particles is removed, and annealing is carried 
5 out in the same atmosphere gas as the carrier gas at the 
time of pyrolysis at a temperature within a range of from 
1000 to 1700^C for at least 1 second and at most 24 hours, 
whereby a phosphor having more favorable emission 
properties can be obtained. At this time, if the 

10 annealing temperature is too low, or the annealing time 
is too short, the crystallinity tends to be low, and 
further, the valency of the activator ions can not be 
controlled, whereby the inside of the crystals can not 
uniformly be activated, and thus the emission properties 

15 tend to be low. Further, in the case of the phosphor 

obtained by the production process according to the above 
second embodiment, if annealing is carried out without 
removing the thin film layer formed on the surface, 
aggregated particles are likely to form, and the coating 

20 properties of the phosphor tend to decrease. On the 

other hand, if the annealing temperature is too high, or 
the annealing time is too long, not only an unnecessary 
energy is wasted, but also a large number of aggregated 
particles are formed, whereby no dense fluorescent layer 

25 can be formed, and no desired emission properties can be 
obtained. 

Further, in the case of production by the production 



-process of the present invention except for the case of 
the above Embodiment 5, if the heating temperature at the 
time of the above pyrolysis does not reach 1350**C or the 
pyrolysis time does not reach 0.5 second, crystallinity 
will not adequately be favorable, and even when annealing 
is carried out at the above temperature within a range of 
from 1000 to 1700®C for a time of at least 1 second and 
at most 24 hours, although the crystallinity will be 
favorable, an extremely large number of aggregated 
particles tend to be formed, whereby no dense fluorescent 
layer tends to be formed, and no desired emission 
properties will be obtained. 

For prevention of formation of aggregated particles 
at the time of annealing, the annealing temperature is 
preferably lower than the pyrolysis temperature by at 
least lOO^C, more preferably lower by at least 200°C. 

Among the processes for producing a phosphor of the 
present invention, the production processes according to 
the first to fifth embodiments are suitable particularly 
for production of a phosphor comprising as the main 
component a crystal phase represented by the 
compositional formula (Rli-x/ R2x) 2O3 (where Rl is at least 
one element selected from the group consisting of Y, Gd, 
La, Lu and Sc, R2 is at least one element selected from 
the group consisting of Ce, Pr, Nd, Eu, Tb, Dy and Tm, 
and X is a number which satisfies 0<x^0.2), and the 
production processes according to the third to fifth 
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-embodiments are suitable particularly for production of a 
phosphor comprising as the main component a crystal phase 
represented by the compositional formula M^M^AlioOi? (where 
is at least one element selected from the group 
5 consisting of Ba, Sr, Ca and Eu, and is at least one 
element selected from the group consisting of Mg and Mn) . 

Further, by the production processes according to 
the first to fifth embodiments of the present invention, 
a phosphor in the form of particles having an 
10 approximately spherical shape, wherein most part of the 
weight average particle diameter D50 is within a range of 
from 0.1 to 50 /im, and the ratio of the minimum diameter 
(Ds) to the maximum diameter (Dl) of the phosphor 
particles (Ds/Dl) is within a range of from 0.8 to 1.0, 
15 can be obtained. By the production process according to 
the sixth embodiment of the present invention, a phosphor 
of so-called nanocrystals, in the form of particles 
having an approximately spherical shape with little 
aggregation, and having an average particle diameter of 
20 from about 1 to about 50 0 nm, can effectively be produced. 
Among the above production processes, a phosphor 
obtained by employing preferable conditions, i.e. by 
having a specific element included into a matrix crystal 
of the phosphor and specifying a diameter of a fine 
25 droplet of a phosphor starting material solution formed 

in a droplet -forming step in a specific range, is a novel 
phosphor, and explanation is made with reference to the 
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•novei phosphor hereinafter. Concretely, the phosphor is 
obtained by having at least one kind of element selected 
from the group consisting of Li, Na, F and Cl included in 
a crystal matrix of the phosphor and by making a liquid 
5 droplet having a particle diameter of from 1 to 10 ^m in 
the droplet -forming step. Thus, the phosphor of the 
present invention is a phosphor essentially having a 
spherical outer shape which comprises primary particles 
having a median diameter D50 in a range of from 0.05 fim 

10 to 1 jLtm and secondary particles having a median diameter 
D50 in a range of from 0 . 1 /xm to 2 /im, wherein at least 
50 vol% of the total secondary particles has an aspect 
ratio of at least 0.8 and an internal quantum efficiency 
is in a range of from 0.8 to 1 . 

15 The primary particles in the present invention 

comprise single crystals in a region surrounded by their 
grain boundaries and surfaces, and are defined as a 
region wherein their crystal orientations are essentially 
the same in the region. That is, the primary particles 

20 in the present invention represent a crystalline region 
wherein the whole region shows a single X-ray reflection 
in X-ray diffraction of single crystals. However, in 
such a crystalline region, all of the crystals are not 
always completely precisely oriented in the same 

25 direction, and since a crystal stress or a crystal defect 
is present, a mosaic structure of unit cells, the crystal 
orientations of which are slightly varied, may be formed. 
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* or crystalline orientations may be slightly deviated. 
Secondary particles are formed by aggregation of a 
plurality of primary particles. 

Primary particles have a median diameter D50 of from 
0.05 fim to 1 iim, but when the median diameter is too 
small, a desired high brightness can not be obtained. On 
the other hand, when the median diameter D50 of primary 
particles is too large, a particle size of a secondary 
particle which is an aggregate of primary particles 
becomes too large, and a highly precise phosphor film can 
not be obtained. On the same ground, it is preferable 
that phosphor particles have a particle size in a range 
of from 0.1 /xm to 0.8 /im. 

The secondary particles have a median diameter D50 in 
a range of from 0.1 //m to 2 fim, but if the median 
diameter is too small, it becomes difficult to 
satisfactorily handle particles in a step of producing a 
coated film, and a uniform and dense phosphor film or 
phosphor layer can be hardly formed. On the other hand, 
if an median diameter D50 of secondary particles is too 
large, a highly precise phosphor film can be hardly 
formed when used for a cathode ray tube, an FED, a PDP, a 
solid state lighting element, a solid state lighting 
apparatus, a fluorescent light, a vacuum fluorescent 
display, a luminous paint, an X-ray intensifying screen 
or the like, and when used as fluorescent beads for 
immunoassay used for developing pharmaceuticals, settling 
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•of phosphor particles is caused in a slurry of phosphor 
beads in a short time and accurate measurement of 
fluorescent light intensity becomes impossible. On the 
same ground, a preferable phosphor comprises secondary 
5 particles having a median diameter D50 in a range of from 
0.2 /xm to 1.6 ^m. 

Also, the phosphor of the present invention has an 
internal quantum efficiency of from 0.8 to 1. However, 
even when a light -absorbing efficiency or a light- 

10 emitting efficiency is sufficiently high, if the internal 
quantum efficiency is too low, brightness of a 
fluorescent film or a fluorescent layer used for a 
cathode ray tube, a fluorescent lamp, a PDP, a field 
emission display (FED) , a solid state lighting element, a 

15 solid state lighting apparatus, a fluorescent light, a 
vacuum fluorescent display, a luminous paint, an X-ray 
intensifying screen or the like, becomes low, or a 
fluorescent light intensity measured by a CCD camera in a 
high throughput new pharmaceuticals screening system 

20 becomes low and a speed of developing new pharmaceuticals 
by the same system is lowered. From the same viewpoints, 
a phosphor having an internal quantum efficiency in a 
range of from 0.8 5 to 1 is preferable, and a phosphor 
having an internal quantum efficiency in a range of from 

25 0.9 to 1 is more preferable. * 

The internal quantum efficiency is controlled by a 
structure of matrix crystal, a kind and a concentration 



of itnpurities contained in primary particles, a stacking 
fault in primary particles, a crystal stress in primary 
particles, a kind and a concentration of an activator, a 
surface state of primary particles, a proportion of a 
surface of primary particles, or the like. 

The internal quantum efficiency defined in the 
present invention is an internal quantum efficiency when 
excited by UV light having a wavelength of 2 54 nm, and is 
determined in the following manner. At first, a 
reflected light intensity RW of 2 54 nm is measured by 
condensing UV light of 254 nm incident on a white 
diffusion plate having a reflectance of 0.97 in an 
integrating sphere and catching the condensed light by a 
multichannel photodetector , and a reflected light 
intensity RP of 254 nm is measured by condensing UV light 
of 254 nm incident on a phosphor in an integrating sphere 
and catching the condensed light by a multichannel 
photodetector in the same manner as above. Further, an 
absorbed light intensity AP absorbed by the phosphor is 
calculated by (reflected light intensity RW)/0.97- 
(ref lected light intensity RP) , and a reflected light 
photon number- corresponding value PA is calculated by 
multiplying the absorbed light intensity by the light 
wavelength. Thereafter, a fluorescent light photon 
number- corresponding value PP is calculated by condensing 
UV light of 2 54 nm incident on a phosphor in an 
integrating sphere, catching the condensed light by a 



multichannel photodetector , and totaling a product of a 
fluorescent light intensity and a fluorescent light 
wavelength at each wavelength in the total wavelength 
range containing no reflecting light. Finally, an 
internal quantum efficiency is calculated by (fluorescent 
light photon number -corresponding value PP) / (absorbed 
light photon number -corresponding value PA) . 

The secondary particles have a substantially 
spherical outer shape, and a ratio of a minor axis to a 
major axis (aspect ratio) is within a range of from 0.8 
to 1 with regard to at least 50 vol% of the total 
secondary particles. When using a phosphor close to a 
plate-like or column-like shape having a ratio of a minor 
axis to a major axis of secondary particles smaller than 
0.8, a density of a fluorescent film or a fluorescent 
layer becomes smaller and a light -emitting performance is 
lowered. On the same ground, it is more preferable that 
the above aspect ratio is in a range of from 0.9 to 1. 
Particularly, with regard to at least 70 vol%, preferably 
at least 90 vol% of the total secondary particles, it is 
preferable that the aspect ratio is in a range of from 
0.8 to 1, particularly from 0.9 to 1. 

A phosphor used for a cathode ray tube, a 
fluorescent lamp, a PDP, an FED, a solid state lighting 
element, a solid state lighting apparatus, a vacuum 
fluorescent display, a luminous paint, an X-ray 
intensifying screen, a high throughput new 
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- phartnaceuticals screening system or the like, is 
preferably an oxide phosphor containing oxygen as an 
element constituting a matrix of the phosphor since such 
an oxide phosphor emits a fluorescent light efficiently 
5 to an incident energy and is excellent in degradation 
property. On the basis of this ground, a crystal having 
a matrix crystal of Ln203, LnX04 or LnBOs is preferable. 
In the above formula, Ln represents an element selected 
from trivalent metals, and represents an element group 

10 containing at least 80 mol% of an element selected from 

the group consisting of La, Gd, Y, Lu and Sc to the total 
amount of Ln, and X represents P and/or V. Also, a 
phosphor containing a matrix crystal of aMO'bA203 is more 
preferable, wherein a and b are integers of from 1 to 5 

15 and A represents an element group containing at least 80 
mol% of an element selected from the group consisting of 
B, Al and Ga to the total amount of A, and M represents 
an element group containing at least 80 mol% of an 
element selected from the group consisting of Ba, Sr, Ca, 

2 0 Mg and Zn to the total amount of M. 

A phosphor containing oxygen as an element 
constituting a matrix crystal and containing a rare earth 
element as an activator is particularly preferable since 
such a phosphor emits efficiently a fluorescent light and 

25 is hardly degradable. It is preferable that the rare 

earth element contained as an activator in a phosphor is 
at least one element selected from the group consisting 
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of Ce, Pr, Nd, Sm, Eu, Tb, Dy, Ho, Er, Tm, Yb, As, Bi, Cr, 
Cu, Fe, Mn, Pb, Sb, Sn, Ti, Tl, V, W and Zn since the 
phosphor containing the above rare earth element emits a 
satisfactory fluorescent light, and it is more preferable 
that at least one element selected from the group 
consisting of Ce, Pr, Nd, Eu, Tb, Dy and Tm is contained. 

The phosphor of the present invention is not 
specially limited so long as it satisfies the above- 
mentioned conditions in respect of a primary particle 
diameter, a secondary particle diameter, a secondary 
particle shape and an internal quantum efficiency, but a 
phosphor having a matrix crystal containing at least one 
element selected from the group consisting of Li, Na, F 
and CI in a weight in a concentration range of from 0.1 
to 100 ppm is particularly preferable since such a 
phosphor emits more efficiently a fluorescent light. If 
the concentration is lower than 0.1 ppm, a fluorescent 
effect achieved by these elements is small, and if the 
concentration is higher than 100 ppm, the phosphor is 
easily degradable. A phosphor containing these elements 
in a weight in a concentration range of from 0.1 to 10 
ppm is more preferable since such a phosphor is 
satisfactory in respect of both a fluorescent efficiency 
and a degradation property. 

A method for producing the phosphor of the present 
invention is described above, but it is particularly 
preferable to produce the phosphor in such a manner as to 
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' incorporate at least one element selected from the group 
consisting of a Li, Na, F and Cl into a crystal matrix of 
the phosphor in an amount of from 0.1 to 100 ppm since 
the phosphor thus produced is improved in respect of 
5 internal quantum efficiency. These elements are 

incorporated by adding a chloride, a fluoride, or a 
chloride, a fluoride, a nitrate, a sulfate or an acetate 
of Li or Na to the above-mentioned metal salt aqueous 
solution. 

10 A method for forming fine droplets from a metal salt 

aqueous solution is described above, but it is 
particularly preferable to use droplets having a particle 
diameter of from 1 to 10 /zm since such droplets provides 
particles having a desired median diameter D50. Therefore, 

15 if necessary, droplets are classified before being used. 

The droplets thus formed are introduced into a dryer 
by a carrier gas stream, and are heated to form metal 
salt particles or metal complex particles. The droplets 
are dried to form spherical solids which are thermally 

20 decomposed to precipitate primary particles in the 

spherical solids at a high temperature and then to form 
spherical secondary particles in the whole. Also, by 
preventing the droplets from causing rupture by rapid 
heating, an aspect ratio can be controlled to be at least 

25 0.8. 

By carrying out the above-mentioned pyrolysis 
synthesis, the phosphor of the present invention can be 
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• obtained, but it is preferable to remove impurities on 
the surface of the phosphor particles thus obtained. As 
a method for removing the impurities, a method of 
dissolving with a solvent can be employed. The solvent 
5 used for removing the impurities is not specially limited 
so long as it does not dissolve phosphor particles or 
dissolves only a minor amount of phosphor particles, but 
selectively dissolves impurities. For example, it is 
preferable to use water or an acidic aqueous solution 

10 which is convenient and cheap. 

The phosphor thus obtained is a phosphor essentially 
having a spherical outer shape which comprises primary 
particles having a median diameter D50 in a range of from 
0.05 /xm to 1 /im and secondary particles having a median 

15 diameter D50 in a range of from 0.1 fxm to 2 /xm, wherein 
at least 50 vol% of the total secondary particles has an 
aspect ratio of at least 0.8 and an internal quantum 
efficiency is in a range of from 0.8 to 1. 

The phosphor obtained by the above production 

20 process of the present invention as explained in detail 

above, consists of fine particles having an approximately 
spherical shape with little aggregation, and when it is 
applied to a fluorescent film or layer for e.g. a 
fluorescent lamp, a cathode ray tube, a PDP, a solid 

25 state lighting element, a solid state lighting apparatus, 
a fluorescent lamp, a vacuum fluorescent display, a 
luminous paint, an X-ray intensifying screen or the like. 
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a homogeneous and dense fluorescent film or layer having 

a high brightness can easily be formed. 

EXAMPLES 

Now, the present invention will be explained with 
reference to Examples. 
EXAMPLE 1 

Yttrium nitrate 0.2 82 mol 

Europium nitrate 0.018 mol 

Lithium nitrate 0.3 mol 

The above components were dissolved in water and a 
small amount of nitric acid was added thereto so that the 
total amount would be 1 fl . 

Using air as a carrier gas, this ^^aqueous metal salt 
solution" was put in an ultrasonic atomizer provided with 
a transducer of 1.7 MHz to form fine droplets. Then, the 
fine droplets were classified by using an inertial 
classifier so that the fine droplets had a weight average 
particle diameter of 5 fim and 90 wt% of the fine droplets 
were fine droplets having a particle diameter of at most 
10 /im. 

The classified fine droplets were subjected to 
pyrolysis in an electric furnace having a maximum 
temperature of 1600°C for a residue time of 10 seconds, 
and the formed particles were collected by a bag filter. 

The particles were put in water, stirred and 
subjected to centrifugal separation, and the supernatant 
liquid was removed. This operation was carried out three 
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.times, followed by drying in a dryer of 120®C to obtain a 
phosphor of Example 1 by the production process according 
to the above Embodiment 1 . The average crystal growth 
rate of the phosphor was 0.27 ^m^/sec. The emission 
5 brightness of this phosphor under irradiation with 

ultraviolet light of 254 nm was measured, whereupon it 
was 102 when the emission brightness of the phosphor of 
Comparative Example 1 under the same condition was 78. 
The phosphor was observed by a scanning electron 
10 microscope in respect of its shape, and was proved to 
have a primary particle median diameter D50 of 0.3 /xm. 

The weight average particle diameter D50 of the 
phosphor was measured by means of a laser diffraction 
method, whereupon it was 1.0 /xm. According to a scanning 
15 electron micrograph of the obtained phosphor, the average 
value of the minimum diameter relative to the maximum 
diameter was 0.95, and the number of particles which 
satisfied the condition of (minimum diameter/maximum 
diameter) being from 0.8 to 1.0 was 95% of the entire 
20 particles - 

COMPARATIVE EXAMPLE 1 

Yttrium nitrate 0.282 mol 

Europium nitrate 0.018 mol 

The above components were dissolved in water and a 
25 small amount of nitric acid was added thereto so that the 
total amount would be 1 6 . 

Using air as a carrier gas, this aqueous metal salt 
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- solution was put in an ultrasonic atomizer provided with 
a transducer of 1.7 MHz to form fine droplets. Then, the 
droplets were classified by using an inertial classifier 
so that the fine droplets had a weight average particle 
5 diameter of 5 /xm and 90 wt% of the fine droplets were 

fine droplets having a particle diameter of at most 10 /xm. 

The classified fine droplets were subjected to 
pyrolysis in an electric furnace having a maximum 
temperature of 1600^C for a residue time of 10 seconds, 

10 and the formed particles were collected by a bag filter. 

The particles were subjected to the same treatment 
as in Example 1 to obtain a phosphor of Comparative 
Example 1 . The average crystal growth rate of the 
phosphor was 0.0008 /xm^/sec. The emission brightness of 

15 this phosphor under irradiation with ultraviolet light of 
254 nm was measured, whereupon it was 78. The weight 
average particle diameter D50 of the phosphor was 
measured by means of a laser diffraction method, 
whereupon it was 1.5 ^m. According to a scanning 

20 electron micrograph of the obtained phosphor, the average 
value of the minimum diameter relative to the maximum 
diameter was 0.95, and the number of particles which 
satisfied the condition of (minimum diameter/maximum 
diameter) being from 0.8 to 1.0 was 100% of the entire 

25 particles. 
EXAMPLE 2 

A phosphor of Example 2 by the production process 
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' according to the above Embodiment 1 was obtained in the 
same manner as in Example 1 except that the maximum 
temperature in the electric furnace was changed from 
1600°C to ISOO^'C. The average crystal growth rate of the 
5 phosphor was 0.003 /zm"^/sec. The emission brightness of 
the phosphor under irradiation with ultraviolet light of 
' 254 nm was measured, whereupon it was 89 when the 
brightness of the phosphor of Comparative Example 1 under 
the same condition was 78. The weight average particle 
10 diameter D50 of the phosphor was measured by means of a 
laser diffraction method, whereupon it was 1.1 ^tm. 
According to a scanning electron micrograph of the 
obtained phosphor, the average value of the minimum 
diameter relative to the maximum diameter was 0.95, and 
15 the number of particles which satisfied the condition 

(minimum diameter/maximum diameter) being from 0.8 to 1.0 
was 95% of the entire particles. 
EXAMPLE 3 

Each of yttrium nitrate and europium nitrate was 
20 dissolved in water so that the chemical composition of 

the phosphor would be (Y0.94/ Euo. 06)203, sodium nitrate was 
added in an amount of 2 mol per 1 mol of (Y0.94/ Euo. 06)203/ 
and a small amount of nitric acid was added thereto to 
prepare a homogeneous aqueous metal salt solution having 
25 a solute concentration C as yttrium europium nitrate of 
0.3. No solid content was present in the aqueous metal 
salt solution. 



.Using air as a carrier gas, the above aqueous metal 
salt solution was formed into fine droplets by using an 
ultrasonic atomizer provided with a transducer of 1,7 MHz. 
Then, the fine droplets were classified by using an 
inertial classifier so that the fine droplets had a 
weight average particle diameter of 5 /xm and 90 wt% of 
the fine droplets had a particle diameter of at most 10 
/xm. 

The classified fine droplets were dried by heating 
at 200°C, by raising the temperature at a heating rate of 
50°C per second to obtain metal salt particles. The 
metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 2 00*^0, and subjected to 
pyrolysis by heating in the furnace having a maximum 
temperature of 1600**C for 13 seconds to synthesize oxide 
phosphor particles by the production process according to 
the above Embodiment 2, and they were collected by a bag 
filter. In the atmosphere gas for the pyrolysis, 
potassium nitrate added to the above aqueous metal salt 
solution was reacted with water and contained as 
potassium hydroxide in a gaseous state. 

The shape of the obtained phosphor particles was 
observed by a scanning electron microscope, whereupon a 
thin film layer of sodium hydroxide with a thickness of 
about 0.1 jtxm was formed on the surface of the phosphor 
particles. This thin film layer was removed by using 
water and diluted nitric acid, and powder X-ray 
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'diffraction pattern was examined, whereupon formation of 
single phase phosphor particles without .an impurity phase 
was found . 

The shape of the phosphor particles was a spherical 
5 shape with a uniform particle diameter with a smooth 

surface, the average ratio of the minimum diameter to the 
maximum diameter was 0.95, and the number of particles 
which satisfied 0.8^ (minimum diameter/maximum diameter) 
^1.0 was 95% of the entire particles. The median 

10 diameter D50 was 1 /xm, and substantially no aggregated 
particles were observed. The emission spectrum was 
measured by irradiating the phosphor with ultraviolet 
light having a wavelength of 254 nm, whereupon favorable 
red light emission was shown, and the emission intensity 

15 was 100. Further, the phosphor was coated on a glass 
sheet by sedimentation, whereupon a dense and smooth 
fluorescent layer as compared with a conventional 
phosphor could be formed. 
EXAMPLE 4 

20 Each of barium nitrate, europium nitrate, magnesium 

nitrate and aluminum nitrate was dissolved in water so 
that the chemical composition of the phosphor would be 
(Bao.9, Euo.i) MgAlioOi7, potassium nitrate was added thereto 
in an amount of 8 mol per 1 mol of (Bao.9, Euo.i) MgAlioOiv, 

25 and a small amount of nitric acid was added thereto to 

prepare a homogeneous aqueous metal salt solution having 
a solute concentration C of 0.3. Here, no solid content 
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.was .present therein. 

Using nitrogen containing 4 vol% of hydrogen as a 
carrier gas, the above aqueous metal salt solution was 
formed into fine droplets by means of an ultrasonic 
5 atomizer provided with a transducer of 1.7 MHz. Then, 
the fine droplets were classified by using an inertial 
classifier so that the fine droplets had a weight average 
particle diameter of 5 fim and 90 wt% of the fine droplets 
were fine droplets having a particle diameter of at most 

10 10 fim, and at the same time, the droplet volume per unit 
volume of the carrier gas was concentrated five times. 

The classified fine droplets were dried by heating 
at 200®C by raising the temperature at a heating rate of 
50°C per second to obtain metal salt particles. The 

15 metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 2 0 0°C, and subjected to 
pyrolysis by heating in a furnace having a maximum 
temperature of ISOO'^C for 10 seconds to synthesize oxide 
phosphor particles by the production process according to 

20 the above Embodiment 2, and the particles were collected 
by a bag filter. It was confirmed that in the atmosphere 
gas for pyrolysis, sodium nitrate added to the above 
aqueous metal salt solution was reacted with water and 
contained as sodium hydroxide in a gaseous state. 

25 The shape of the obtained phosphor particles was 

observed by a scanning electron microscope, whereupon a 
thin film layer of potassium hydroxide with a thickness 



■ of ^bout 0 . 1 fim was formed on the surface of the phosphor 
particles. The thin film layer was removed by using 
water and diluted nitric acid, and then powder X-ray 
diffraction pattern was examined, whereupon formation of 
5 single phase phosphor particles without an impurity phase 
was found. 

The phosphor particles were packed in a calcination 
container and subjected to annealing in nitrogen 
containing 4 vol% of hydrogen at 14 0 0°C for 2 hours, and 
• 10 emission properties were adjusted to obtain a phosphor. 

Powder X-ray diffraction pattern of the obtained phosphor 
was examined, whereupon formation of a single phase 
phosphor without an impurity phase was found. Further, 
the shape of the phosphor was a spherical shape with a 

15 uniform particle diameter with a smooth surface, the 

average value of the ratio of the minimum diameter to the 
maximum diameter was 0.98, and the number of particles 
which satisfied 0.8^ (minimum diameter/maximum diameter) 
^1.0 was 95% of the entire particles. Further, the 

20 median particle diameter D50 was 1 fim. The phosphor was 
irradiated with ultraviolet light having a wavelength of 
254 nm to measure an emission spectrum, whereupon 
favorable blue light emission was shown, and the emission 
intensity was 100. Further, the phosphor was coated on a 

25 glass sheet by sedimentation, whereupon a dense and 

smooth fluorescent layer as compared with a conventional 
phosphor could be formed. 
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COMPARATIVE EXAMPLE 2 

A phosphor of Comparative Example 3 was obtained in 
the same manner as in Example 4 except that addition of 
potassium nitrate was omitted. 
5 Powder X-ray diffraction pattern of the obtained 

phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the phosphor was a spherical shape 
with a uniform particle diameter with a smooth surface, 

10 the medium diameter D50 was 1.1 fim, and substantially no 
aggregated particles were observed. The phosphor was 
irradiated with ultraviolet light having a wavelength of 
254 nm to measure an emission spectrum, whereupon blue 
light emission was shown, however, the emission intensity 

15 was 60% of the emission intensity of the phosphor of 
Example 4 measured under the same conditions. 
EXAMPLE 5 

Each of yttrium nitrate and europium nitrate was 
dissolved in water so that the chemical composition of 

20 the phosphor would be (Y0.94/ Euq. 05)203/ lithium chloride 
was added thereto in an amount of 1.3 mol per 1 mol of 
(Yo.94/ Euo. 06)203, and a small amount of nitric acid was 
added thereto to prepare a homogeneous aqueous metal salt 
solution having a solute concentration C as yttrium 

25 europium nitrate of 0.3. The obtained aqueous solution 
had a pH of 0.8, and no solid content was present. 

Using air as a carrier gas, the above aqueous metal 
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•salt solution was put in an ultrasonic atomizer provided 
with a transducer of 1.7 MHz to form fine droplets. Then, 
the fine droplets were classified by using an inertial 
classifier so that the fine droplets had a weight average 
5 particle diameter of 5 fim, and 90 wt% of the fine 

droplets were fine droplets having a particle diameter of 
at most 10 /xm. 

The classified fine droplets were dried by heating 
at 200°C by raising the temperature at a heating rate of 

10 50®C per second to obtain metal salt particles. The 
metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 200°C, lithium chloride was 
vaporized to form an atmosphere containing lithium 
chloride in a gaseous state, and the particles were 

15 subjected to pyrolysis in an electric furnace having a 
maximum temperature of 1600°C for a residue time of 13 
seconds to synthesize oxide phosphor particles by the 
production process according to the above Embodiment 3, 
and the particles were collected by a bag filter. 

20 Powder X-ray diffraction pattern of the obtained 

phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the particles was a spherical shape 
with a uniform particle diameter with a smooth surface, 

25 the average particle diameter was 1 ^m, and the number of 
phosphors having a value (minimum particle 
diameter/maximum particle diameter) within a range of 
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•from 0.8 to 1.0 was 95%. An emission spectrum of the 
phosphor was measured under irradiation with ultraviolet 
light having a wavelength of 254 nm, whereupon favorable 
red light emission was shown, and the emission intensity 
5 was 102 when the emission intensity of the phosphor of 
Comparative Example 1 measured under the same conditions 
was 80. 
EXAMPLE 6 

Each of barium nitrate, europium nitrate, magnesium 
10 nitrate and aluminum nitrate was dissolved in water so 
that the chemical composition of the phosphor would be 
(Bao.9, Euo.i) MgAlioOi7, sodium chloride was added thereto 
in an amount of 2.5 mol per 1 mol of (Bao.9, Euo.i) MgAlioOi?, 
and a small amount of nitric acid was added thereto to 
15 prepare a homogeneous aqueous metal salt solution having 
a solute concentration C of 0.3. The obtained aqueous 
solution had a pH of 0.8, and no solid content was 
present . 

Using nitrogen containing 4 vol% of hydrogen as a 
20 carrier gas, the above aqueous metal salt solution was 

put in an ultrasonic atomizer provided with a transducer 
of 1.7 MHz to form fine droplets. Then, the fine 
droplets were classified by using an inertial classifier 
so that the fine droplets had a weight average particle 
25 diameter of 5 fim, and 90 wt% of the fine droplets were 

fine droplets having a particle diameter of at most 10 fim, 
and at the same time, the droplet volume per unit volume 
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* of the carrier gas for droplets was concentrated five 
times . 

The classified fine droplets were dried by heating 
at 200°C by raising the temperature at a heating rate of 
5 50°C per second to obtain metal salt particles. The 
metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 200°C, sodium chloride was 
vaporized to form an atmosphere containing sodium 
chloride in a gaseous state, and the particles were 

10 subjected to pyrolysis in an electric furnace having a 
maximum temperature of 1600**C for a residue time of 10 
seconds to synthesize oxide particles by the production 
process according to the above Embodiment 3, and the 
particles were collected by a bag filter. 

15 The oxide particles were packed in a calcination 

container and subjected to annealing in nitrogen 
containing 4 vol% of hydrogen at 14 00^C for 2 hours, and 
emission properties were adjusted to obtain a phosphor. 
Powder X-ray diffraction pattern of the obtained 

2 0 phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the particles was a spherical shape 
with a uniform particle diameter with a smooth surface, 
the average particle diameter was 1 /xm, and the number of 

25 phosphors having a value (minimum particle 

diameter/maximum particle diameter) within a range of 
from 0.8 to 1.0 was 98%. An emission spectrum of the 
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■phosphor was measured under irradiation with ultraviolet 
light having a wavelength of 254 nm, whereupon favorable 
blue light emission was shown, and the emission intensity- 
was 100 when the emission intensity of the phosphor of 
5 Comparative Example 2 measured under the same conditions 
was 60. 
EXAMPLE 7 

Each of yttrium nitrate and europium nitrate was 
dissolved in water so that the chemical composition of 

10 the phosphor would be (Y0.94, Euo. 06)203, lithium nitrate 
was added thereto in an amount of 1.5 mol per 1 mol of 
(Yo.94/ Euo. 05)203, and a small amount of nitric acid was 
added thereto to prepare a homogeneous aqueous metal salt 
solution having a solute concentration C as yttrium 

15 europium nitrate of 0.3. The obtained aqueous solution 
had a pH of 1.2, and no solid content was present. 

Using air as a carrier gas, the above aqueous metal 
salt solution was put in an ultrasonic atomizer provided 
with a transducer of 1.7 MHz to form fine droplets. Then, 

20 the fine droplets were classified by using an inertial 

classifier so that the fine droplets had a weight average 
particle diameter of 5 /xm, and 90 wt% of the fine 
droplets were fine droplets having a particle diameter of 
at most 10 fim. 

25 The classified fine droplets were dried by heating 

at 200*^0 by raising the temperature at a heating rate of 
50®C per second to obtain metal salt particles. The 
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•metail salt particles were transferred to a pyrolysis 
furnace while keeping them at 200°C, lithium nitrate was 
reacted with water to form an atmosphere containing 
lithium hydroxide in a gaseous state, and the particles 
5 were subjected to pyrolysis in an electric furnace having 
a maximum temperature of 1600®C for a residue time of 13 
seconds to synthesize oxide particles by the production 
process according to the above Embodiment 4, and the 
particles were collected by a bag filter. 

10 Powder X-ray diffraction pattern of the obtained 

phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the particles was a spherical shape 
with a uniform particle diameter with a smooth surface, 

15 the average particle diameter was 1 /xm, and the number of 
phosphors having a value (minimum particle 
diameter/maximum particle diameter) within a range of 
from 0-8 to 1.0 was 98%. An emission spectrum of the 
phosphor was measured under irradiation with ultraviolet 

2 0 light having a wavelength of 254 nm, whereupon favorable 
red light emission was shown, and the emission intensity 
was 100 when the emission intensity of the phosphor of 
Comparative Example 1 measured under the same conditions 
was 80. 

25 EXAMPLE 8 

Each of barium nitrate, europium nitrate, magnesium 
nitrate and aluminum nitrate was dissolved in water so 
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•that the chemical composition of the phosphor would be 
(Bao.9, Euo.i) MgAlioOiv, sodium nitrate was added thereto in 
an amount of 3 mol per 1 mol of (Bao.9, Euo.i) MgAlioOiv, and 
a small amount of nitric acid was added thereto to 
5 prepare a homogeneous aqueous metal salt solution having 
a solute concentration C of 0.3. The obtained aqueous 
solution had a pH of 0.3, and no solid content was 
present . 

Using nitrogen containing 4 vol% of hydrogen as a 
10 carrier gas, the above aqueous metal salt solution was 

put in an ultrasonic atomizer provided with a transducer 
of 1.7 MHz to form fine droplets. Then, the fine 
droplets were classified by using an inertial classifier 
so that the fine droplets had a weight average particle 
15 diameter of 5 /im, and 90 wt% of the fine droplets were 

fine droplets having a particle diameter of at most 10 /xm, 
and at the same time, the droplet volume per unit volume 
of the carrier gas for droplets, was concentrated five 
times . 

20 The classified fine droplets were dried by heating 

at 200°C by raising the temperature at a heating rate of 
50°C per second to obtain metal salt particles. The 
metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 2 00°C, sodium nitrate was 

25 reacted with water to form an atmosphere containing 

sodium hydroxide in a gaseous state, and the particles 
were subjected to pyrolysis in an electric furnace having 
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'a maximum temperature of 1600*^0 for a residue time of 10 
seconds to synthesize oxide particles by the production 
process according to the above Embodiment 4 , and the 
particles were collected by a bag filter. 
5 The oxide particles were packed in a calcination 

container and subjected to annealing in nitrogen 
containing 4 vol% of hydrogen at 1400°C for 2 hours, and 
emission properties were adjusted to obtain a phosphor. 
Powder X-ray diffraction pattern of the obtained 

10 phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the particles was a spherical shape 
with a uniform particle diameter with a smooth surface, 
the average particle diameter was 1 iim, and the number of 

15 phosphors having a value (minimum particle 

diameter/maximum particle diameter) within a range of 
from 0.8 to 1.0 was 100%. An emission spectrum of the 
phosphor was measured under irradiation with ultraviolet 
light having a wavelength of 254 nm, whereupon favorable 

20 blue light emission was shown, and the emission intensity 
was 105 when the emission intensity of the phosphor of 
Comparative Example 2 measured under the same conditions 
was 60. 
EXAMPLE 9 

25 Each of yttrium nitrate and europium nitrate was 

dissolved in water so that the chemical composition of 
the phosphor would be (Y0.94, Euo. 06)203, ammonium bromide 
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•was. "added thereto in an amount of 3 mol per 1 mol of 
(Yo.94, Euo. 06)203, and a small amount of nitric acid was 
added thereto to prepare a homogeneous aqueous metal salt 
solution having a solute concentration C as yttrium 
5 europium nitrate of 0.3. The obtained aqueous solution 
had a pH of 1.4, and no solid content was present. 

Using air as a carrier gas, the aqueous metal salt 
solution was put in an ultrasonic atomizer provided with 
a transducer of 1.7 MHz to form fine droplets. Then, the 
10 fine droplets were classified by using an inertial 

classifier so that the fine droplets had a weight average 
particle diameter of 5 fim, and 90 wt% of the fine 
droplets were fine droplets having a particle diameter of 
at most 10 /xm. 

15 The classified fine droplets were dried by heating 

at 2 00°C by raising the temperature at a heating rate of 
SO^'C per second to obtain metal salt particles. The 
metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 2 00°C, ammonium bromide was 

20 vaporized to form an atmosphere containing ammonium 
bromide in a gaseous state, and the particles were 
subjected to pyrolysis in an electric furnace having a 
maximum temperature of 1600°C for a residue time of 13 
seconds to synthesize oxide particles by the production 

25 process according to the above Embodiment 5, and the 
particles were collected by a bag filter. 

Powder X-ray diffraction pattern of the obtained 
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•phosphor was examined, whereupon formation of a single 
phase phosphor without an impurity phase was found. 
Further, the shape of the particles was a spherical shape 
with a uniform particle diameter with a smooth surface, 
5 and the average particle diameter was 1 /xm. An emission 
spectrum of the phosphor was measured under irradiation 
with ultraviolet light having a wavelength of 254 nm, 
whereupon favorable red light emission was shown. 
EXAMPLE 10 

10 Each of barium carbonate, europium oxide, magnesium 

carbonate and metal aluminum was dissolved in 
hydrochloric acid so that the chemical composition of the 
phosphor would be (Bao.9, Euo.i) MgAlioOi?, and ammonium 
chloride was added thereto in an amount of 10 mol per 1 

15 mol of (Bao.9, Euo.i) MgAlioOi7 to prepare a homogeneous 

aqueous metal salt solution having a solute concentration 
C of 0.36. The obtained aqueous solution had a pH of 0.8, 
and no solid content was present. 

Using nitrogen containing 4 vol% of hydrogen as a 

20 carrier gas, the aqueous metal salt solution was put in 
an ultrasonic atomizer provided with a transducer of 1.7 
MHz to form fine droplets. Then, the fine droplets were 
classified by using an inertial classifier so that the 
fine droplets had a weight average particle diameter of 5 

25 /xm, and 90 wt% of the fine droplets were fine droplets 
having a particle diameter of at most 10 fim, and at the 
same time, the droplet volume per unit volume of the 
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•carrier gas for droplets was concentrated five times. 

The classified fine droplets were dried by heating 
at 2 00°C by raising the temperature at a heating rate of 
50°C per second to obtain metal salt particles. The 
5 metal salt particles were transferred to a pyrolysis 
furnace while keeping them at 2 00°C, ammonium chloride 
was vaporized to form an atmosphere containing hydrogen 
chloride in a gaseous state, and the particles were 
subjected to pyrolysis in an electric furnace having a 

10 maximum temperature of 1600**C for a residue time of 10 
seconds to synthesize oxide particles by the production 
process according to the above Embodiment 5, and the 
particles were collected by a bag filter. Powder X-ray 
diffraction pattern of the obtained phosphor was examined, 

15 whereupon formation of a single phase phosphor without an 
impurity phase was found. Further, the shape of the 
particles was a spherical shape with a uniform particle 
diameter with a smooth surface, and the average particle 
diameter was 1 /xm. An emission spectrum of the phosphor 

20 was measured under irradiation with ultraviolet light 

having a wavelength of 254 nm, whereupon favorable blue 
light emission was shown. 
EXAMPLE 11 

Each of yttrium nitrate and europium nitrate was 
25 dissolved in water so that the chemical composition of 

the phosphor would be (Yo.94/ Euq. 06)2028, sodium nitrate as 
a precursor substance of a dispersant was added thereto 
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* so that the volume of sodium sulfide as the dispersant 
would be 10 times the volume of the (Y0.94/ Euo. 06)2022 
phosphor, and nitric acid was added thereto to prepare a 
homogeneous aqueous solution having a solute 
5 concentration C as yttrium europium nitrate of 0.03 
mol/fl . 

Using nitrogen containing 2 0 vol% of hydrogen 
sulfide as a carrier gas, the aqueous solution was put in 
an ultrasonic atomizer provided with a transducer of 1.7 

10 MHz to form fine droplets. 

The fine droplets were dried by heating to obtain 
solid phosphor raw material particles. The solid 
phosphor raw material particles were transferred to a 
•pyrolysis furnace while keeping them at 200*^0 and made to 

15 stay in an electric furnace having a maximum temperature 
of 650°C for 3 seconds to carry out pyrolysis, and 
dispersant particles comprising sodium sulfide and 
phosphor particles, formed in the pyrolysis furnace and 
suspended in the carrier gas, were collected by an 

20 electric dust collector. The fracture surface of the 

obtained dispersant particles was observed, whereupon a 
large number of dispersed particles of the (Yo.94f 
Euo. 06)2028 phosphor crystals were observed in the inside 
of the particles. 

25 Further, the above obtained dispersant particles 

comprising sodium sulfide was washed with diluted 
hydrochloric acid and water, and sodium sulfide was 
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♦ removed to obtain (Y0.94/ Euo, 06)2028 phosphor particles by 
the production process according to the above Embodiment 
6. 

Powder X-ray diffraction pattern of this phosphor 
5 was examined, whereupon formation of a single phase 

oxysulfide phosphor without an impurity phase was found. 
Further, the shape and crystallinity of the phosphor 
particles were observed with an electron microscope, 
whereupon a large number of single crystals having an 

10 average particle diameter of 10 nm and having favorable 
crystallinity were observed. An emission spectrum of the 
phosphor under irradiation with electron rays of 25 kV 
was measured, whereupon favorable red light emission was 
shown . 

15 EXAMPLE 12 

Each of yttrium nitrate and europium nitrate was 
dissolved in water so that the chemical composition of 
the phosphor would be (Y0.94/ Euq. 05)203/ sodium chloride as 
a dispersant was added thereto so that its volume would 

20 be 4 times the volume of the (Y0.94/ Euq. 06)203 phosphor, 
and a small amount of nitric acid was added thereto to 
prepare a homogeneous aqueous solution having a solute 
concentration C as yttrium europium nitrate of 0.1 mol/6 . 
The obtained aqueous solution had a pH of 1.0, and no 

25 solid content was present - 

Using air as a carrier gas, the aqueous solution was 
put in an ultrasonic atomizer provided with a transducer 
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'Of 1.7 MHz to form fine droplets having an average 
particle diameter of 5 /xm. 

The fine droplets were dried by heating to obtain 
solid phosphor raw material particles. The solid 
phosphor raw material particles were transferred to a 
pyrolysis furnace while keeping them at 2 00*^0 and made to 
stay in an electric furnace having a maximum temperature 
of 850°C for 1 second to carry out pyrolysis, and 
dispersant particles comprising sodium chloride and 
phosphor particles, formed in the pyrolysis furnace and 
suspended in the carrier gas, were collected by an 
electric dust collector. The fracture surface of the 
obtained dispersant particles was observed, whereupon a 
large number of dispersed particles of the (Yo.94/ 
Euo. 05)203 phosphor crystals were observed in the inside of 
the dispersant particles. 

Further, the above obtained dispersant particles 
comprising sodium chloride was washed with diluted 
hydrochloric acid and water, and sodium chloride was 
removed to obtain (Yo.94/ Euq. 05)203 phosphor particles by 
the production process according to the above Embodiment 
6. 

Powder X-ray diffraction pattern of this phosphor 
was examined, whereupon formation of a single phase oxide 
phosphor without an impurity phase was found- Further, 
the shape and crystallinity of the phosphor particles 
were observed with an electron microscope, whereupon a 
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• large number of single crystals having an average 
particle diameter of 40 nm and having favorable 
crystallinity were observed. An emission spectrum of the 
phosphor under irradiation with ultraviolet light having 
5 a wavelength of 254 nm was measured, whereupon favorable 
red light emission was shown. 
EXAMPLE 13 

Each of zinc nitrate, silver chloride and thiourea 
was dissolved in water so that the chemical composition 
10 of the phosphor would be Zno,9998Ago.ooo2Clo.ooo2So.9998/ and 

potassium bromide as a dispersant was added in a volume 
of five times the volume of the Zno.9998Ago.0002Clo.0002So.9998 
phosphor to prepare a homogeneous aqueous solution having 
a solute concentration C of zinc nitrate and silver 

15 chloride of 0.05 mol/fl . 

Using nitrogen containing 5 vol% of hydrogen sulfide 
as a carrier gas, the aqueous solution was put in an 
ultrasonic atomizer provided with a transducer of 1.7 MHz 
to form fine droplets. 

20 The fine droplets were dried by heating to obtain 

solid phosphor raw material particles. The solid 
phosphor raw material particles were transferred to a 
pyrolysis furnace while keeping them at 150°C and made to 
stay in the pyrolysis furnace having a maximum 

25 temperature of 600®C for 1.2 seconds to carry out 
pyrolysis to synthesize a Zno.9998Ago.0002Clo.0002So.9998 
phosphor, and solid dispersant particles comprising 
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' phosphor particle and a mixture of potassium sulfide and 
potassium bromide, formed in the pyrolysis furnace and 
suspended in the carrier gas, were collected by an 
electric dust collector. The fracture surface of the 
obtained dispersant particles was observed, whereupon a 
large number of dispersed particles of the phosphor 
crystals were observed in the inside of the dispersant 
particles. * 

Further, the above obtained dispersant particles 
comprising phosphor particles and a mixture of potassium 
sulfide and potassium bromide were washed with diluted 
hydrochloric acid and water, and potassium sulfide and 
potassium bromide as the dispersant were removed to 
obtain Zno.9998Ago.0002Clo.0002So.9998 phosphor particles by the 
production process according to the above Embodiment 6, 

Powder X-ray diffraction pattern of the phosphor was 
examined, whereupon formation of a single phase sulfide 
phosphor without an impurity phase was found. Further, 
the shape and crystallinity of the phosphor particles 
were observed with an electron microscope, whereupon a 
large number of single crystals having an average 
particle diameter of 9 nm and favorable crystallinity 
were observed. An emission spectrum of the phosphor 
under irradiation with electron rays of 2 5 kV was 
measured, whereupon favorable blue light emission was 
shown - 

COMPARATIVE EXAMPLE 3 
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"Phosphor particles were obtained in the same manner 
as in Example 11 except that the maximum temperature of 
the pyrolysis furnace was changed from 650°C to 2 00**C, 
and sodium sulfide as the dispersant was used in a solid 
5 State. 

Powder X-ray diffraction pattern of the obtained 
phosphor was examined, whereupon an almost amorphous 
substance was formed, and no desired crystallinity was 
obtained. The phosphor was excited in the same manner as 

10 in Example 11, however, no emission was confirmed. 
COMPARATIVE EXAMPLE 4 

Phosphor particles were obtained in the same manner 
as in Example 12 except that the maximum temperature of 
the pyrolysis furnace was changed from 850°C to 600°C, 

15 and sodium chloride as the dispersant was used as a solid 
state . 

Powder X-ray diffraction pattern of the obtained 
phosphor was examined, whereupon formation of a single 
phase oxide phosphor without an impurity phase was found. 

20 However, the shape and crystallinity of the phosphor 
particles were observed with an electron microscope, 
whereupon particles comprising irregular crystals 
aggregated, having poor crystallinity, were observed, and 
the particle diameter distribution was broad. An 

25 emission spectrum of this phosphor under irradiation with 
ultraviolet light having a wavelength of 254 nm was 
measured, whereupon weak red light emission was shown. 
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-COMPARATIVE EXAMPLE 5 

Phosphor particles were obtained in the same manner 
as in Example 12 except that addition of sodium chloride 
as the dispersant was omitted. 
5 Powder X-ray diffraction pattern of the obtained 

phosphor was examined, whereupon formation of a single 
phase oxide phosphor without an impurity phase was found. 
However, the shape and crystal linity of the phosphor 
particles were observed with an electron microscope, 

10 whereupon particles comprising irregular crystals 

aggregated, having an average particle diameter of so 
large as 1 ixxn, and having poor crystallinity, were 
observed. An emission spectrum of this phosphor under 
irradiation with ultraviolet light having a wavelength of 

15 254 nm was measured, whereupon weak red light emission 
was shown - 
EXAMPLE 14 

Phosphor particles were obtained in the same manner 
as in Example 12 except that the maximum temperature of 

20 the pyrolysis furnace was changed from 850°C to 1600°C, 
and the dispersant was used in a gaseous state. 

Powder X-ray diffraction pattern of the phosphor was 
examined, whereupon formation of a single phase oxide 
phosphor without an impurity phase was found. However, 

25 when the shape and crystallinity of the phosphor 

particles were observed with an electron microscope, only 
one particle of a polycrystal having an average particle 
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-•diameter of so large as 1 /xtn and having favorable 
crystallinity was observed. An emission spectrum of this 
phosphor under irradiation with ultraviolet light having 
a wavelength of 254 nm was measured, whereupon red light 
5 emission was shown. 
EXAMPLE 15 

Each of yttrium nitrate and europium nitrate was 
dissolved in water so that the chemical composition of a 
phosphor would be (Y0.94/ Euq. 06)203/ and 1.5 mols of 

10 lithium nitrate was added to one mol of (Y0.94, Euq. 05)203 
and a small amount of nitric acid was added thereto to 
prepare a homogeneous metal salt aqueous solution of 
yttrium europium nitrate - 

By using air as a carrier gas, the above metal salt 

15 aqueous solution was put in an ultrasonic atomizer 
provided with a transducer of 1.7 MHz to form fine 
droplets. The fine droplets thus formed were classified 
by an inertial classifier to obtain fine droplets having 
a weight average particle diameter of 5 /xm. 

20 The fine droplets thus classified were dried by 

heating at a heating rate of 50®C per second to 200®C to 
obtain metal salt particles. The metal salt particles 
thus obtained were transferred to a pyrolysis furnace 
while keeping them at 2 00®C, and oxide phosphor particles 

2 5 were synthesized by thermally decomposing in the furnace 
having a maximum temperature of 1600®C for 13 seconds and 
were collected by a bag filter. The particles thus 
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.^obtained were placed in water, stirred and subjected to a 
centrifugal separator, and a supernatant liquor was 
discarded. After repeating this operation three times, 

the particles were dried in a drier at 120**C to obtain 
5 phosphor particles. 

The phosphor particles thus obtained were observed 
by a scanning electron microscope in respect of their 
shapes, and the phosphor particles were proved to have a 
primary particle median diameter D50 of 0.4 jxm, a 

10 secondary particle median diameter D50 of 1.0 /im and a 
substantially spherical outer shape. 99 vol% of the 
total secondary particles had an aspect ratio of at least 
0.9. Also, when exciting the phosphor particles by 
irradiating with ultraviolet light having a wavelength of 

15 254 nm, an internal quantum efficiency defined as a 

light-emitted photon number to an absorbed photon number 
was 0.92. When measuring a minute component contained in 
the phosphor by a mass spectrometer, it was proved that 
Li was contained in an amount of 2 ppm. Also, when the 

20 phosphor particles were sedimentation-coated on a glass 
plate, a fluorescent film denser and smoother than a 
conventional fluorescent film could be formed, and the 
fluorescent film thus formed had a brightness of 120% as 
compared to 100% of a brightness of a fluorescent film 

25 prepared by using a conventional phosphor (LP-REl 
manufactured by Kasei Optonix, Ltd.). Thus, a 
fluorescent film having a remarkably high brightness as 
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' compared with a fluorescent film prepared by using a 
conventional phosphor could be obtained. 
EXAMPLE 16 

Each of barium carbonate, europium oxide, basic 
5 magnesium carbonate and aluminum nitrate was dissolved in 
dilute nitric acid so that the chemical composition of a 
phosphor would be (Bao.9/ Euo.i) MgAlioOi7, and hydrochloric 
acid was added thereto in a ten time mol amount to one 
mol of {Bao.9/ Euo.i) MgAlioOi? to prepare a homogeneous 

10 metal salt aqueous solution. 

By using nitrogen containing 4 vol% of hydrogen as a 
carrier gas, the above prepared metal salt aqueous 
solution was placed in an ultrasonic atomizer provided 
with a transducer of 1.7 MHz to form fine droplets. 

15 Thereafter, the fine droplets thus formed were classified 
by using an inertial classifier to obtain fine droplets 
having a weight average particle diameter of 5 /im. 

The fine droplets thus classified were dried by 
heating at a heating rate of 50®C per second to 2 00°C to 

20 obtain metal salt particles. The metal salt particles 
thus obtained were transferred into a pyrolysis furnace 
while keeping them at 2 00**C, and the metal salt particles 
were thermally decomposed in the furnace having a maximum 
temperature of 1600°C for 6 seconds to synthesize oxide 

25 phosphor particles, which were then collected by a bag 
filter. The oxide phosphor particles thus synthesized 
were placed in water, stirred, subjected to a centrifugal 
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•separator, and a supernatant liquid was discarded. After 
repeating this operation three times, the phosphor 
particles were dried in a drier at 120°C. 

The phosphor particles thus obtained was observed by 
5 a scanning electron microscope, and were proved to have a 
primary particle median diameter D50 of 0.2 ^m and a 
secondary particle median diameter D50 of 1.0 /xm and a 
substantially spherical outer shape. 100% of the total 
secondary particles had an aspect ratio of at least 0.9. 

10 Also, when exciting the phosphor particles by irradiating 
with ultraviolet light having a wavelength of 2 54 nm, an 
internal quantum efficiency defined as a light-emitted 
photon number to an absorbed photon number was 0.82. 
When measuring a minute component contained in the 

15 phosphor particles by a mass spectrometer, it was proved 
that CI was contained in an amount of 8 ppm. Also, when 
the phosphor particles were sedimentation-coated on a 
glass plate, a fluorescent film denser and smoother than 
a fluorescent film obtained by using a conventional 

20 phosphor could be formed, and the fluorescent film thus 
formed had a brightness of 13 0% as compared to 100% of a 
brightness of a fluorescent film prepared by using a 
conventional phosphor (KX-501A manufactured by Kasei 
Optonix, Ltd.). Thus, the fluorescent film obtained in 

25 this Example had a remarkably high brightness as compared 
with a fluorescent film prepared by using a conventional 
phosphor , 
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COMPARATIVE EXAMPLE 6 

A comparative phosphor was obtained in the same 
manner as in Example 15 under the same conditions as in 
Example 15, except that a minor amount of cesium nitrate 
5 was added in place of a minor amount of lithium nitrate. 

The phosphor particles thus obtained was observed by 
a scanning electron microscope in respect of their shapes, 
and it was proved to have a primary particle median 
diameter D50 of 0.2 fim, a secondary particle median 

10 diameter D50 of 1.0 /zm and a substantially spherical 

outer shape. 98 vol% of the total secondary particles 
had an aspect ratio of at least 0.9. Also, when exciting 
the phosphor particles by irradiating with ultraviolet 
light having a wavelength of 254 nm, an internal quantum 

15 efficiency defined as a light -emitting photon number to 
an absorbed photon number was 0.65. By measuring a minor 
component contained in the phosphor by a mass 
spectrometer, it was proved that a content of each of Li, 
Na, F and CI was less than 0.1 ppm. Also, the phosphor 

20 particles were sedimentation-coated on a glass plate, and 
a fluorescent film denser and smoother than a fluorescent 
film prepared by using a conventional phosphor could be 
obtained, but the fluorescent film of this Comparative 
Example had a brightness of 95% as compared to 100% of a 

25 brightness of a fluorescent film prepared by using a 
conventional phosphor (LP-REl manufactured by Kasei 
Optonix, Ltd.). Thus, the fluorescent film of this 
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•Comparative Example had a brightness at the same level as 
a fluorescent film prepared by using a conventional 
phosphor. 

INDUSTRIAL APPLICABILITY 
5 According to the present invention, by employing the 

above constitution, a phosphor having a narrow particle 
diameter distribution, having a small number of 
aggregated particles, having a spherical shape, and 
having a high brightness, can easily be obtained. 

10 Further, when the phosphor is applied to a fluorescent 

film or layer for e.g. a cathode ray tube, a fluorescent 
lamp, a PDP, a solid state lighting element, a solid 
state lighting apparatus, a fluorescent lamp, a vacuum 
fluorescent display, a luminous paint, an X-ray 

15 intensifying screen or the like, it becomes possible to 
form a homogeneous and dense high brightness fluorescent 
layer. Also, by using the phosphor of the present 
invention as fluorescent beads for an immunoassay system 
used for developing pharmaceuticals, a high throughput 

20 new pharmaceuticals screening system having a developing 
efficiency higher than a conventional system can be 
obtained. Further, since the phosphor has a high purity 
and a uniform chemical composition, it becomes possible 
to produce a phosphor having a high emission intensity at 

25 a low cost. 

Further, according to the present invention, by 
employing the above constitution, phosphor particles 
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.•having favorable crystallinity , having a small number of 
aggregated particles, having a high purity and uniform 
chemical composition, and being fine particles and 
excellent in emission properties, can be obtained. 
5 The entire disclosures of Japanese Patent 

Application No. 2001-131207 filed on April 27, 2001, 
Japanese Patent Application No. 2001-131208 filed on 
April 27, 2001, Japanese Patent Application No. 2001- 
131209 filed on April 27, 2001, Japanese Patent 

10 Application No. 2001-131210 filed on April 27, 2001, 

Japanese Patent Application No. 2001-218181 filed on July 
18, 2001 and Japanese Patent Application No. 2001-256999 
filed on July 24, 2001 including specifications, claims 
and summaries are incorporated herein by reference in 

15 their entireties. 



